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This  pamphlet  examines  in  detail  the  basic  characteristics  of 
stainless  steels,  which  are  being  used  to  an  increasing  extent  in  the 
production  of  ships'  propellers  of  the  highest  and  the  normal  classes; 
presents  comparative  data  relative  to  operational  durability  of  stain¬ 
less  steel  propellers  and  of  those  made  of  cast  iron,  carbon  steel  and 
colored  metal  alloys. 
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In  Che  course  of  development  of  modern  shipbuilding,  requirements 
Imposed  on  the  material  used  in  their  propellers  are  constantly  growing 
in  severity.  This  is  a  result  of  the  Increase  in  power  and  number  of 
revolutions  of  the  engines,  increase  in  cruising  speeds  and  in  the 
loads  on  the  propellers,  as  well  as  from  the  effort  to  improve  the 
efficiency  and  durability  of  the  propellers.  The  growth  of  navigation 
in  the  Arctic  and  the  Antarctic  regions,  where  propellers  operate  at 
low  temperatures  and  are  subjected  to  impact  and  abrading  loads  also 
influences  the  growing  severity  of  requirements. 

As  a  result,  there  is  a  growing  number  of  caees  where  the  more 
common  metallic  materials  used  in  propellers  -  carbon  steels  and  special 
brasses  -  no  longer  meet  the  requirements  of  designers  and  operators. 
Carbon  steel  propellers  have  a  very  low  resistance  to  corrosion  and 
erosion.  Their  service  life  often  amounts  to  only  1.5  -  2.5  years. 

Losses  resulting  from  rapid  corrosive  and  erosive  destruction  of  carbon 
steel  propellers  amount  to  tens  of  millions  of  rubles  per  year. 

Special  brass  due  to  its  inadequate  strength  (dm  81  20-25  kg/mm2) 
is  not  suited  for  use  in  highly  stressed  propellers  of  modern  vessels. 
Under  certain  operating  conditions  brass  deteriorates  rapidly  due  to 
de-zlncing  and  corrosive  disintegration.  In  a  number  of  cases,  pro¬ 
pellers  made  of  special  brass  have  been  destroyed  due  to  their  poor 
resistance  to  corrosive  fatigue.  The  currently  growing  trend  toward 
substitution  of  bronze- aluminum  in  place  of  special  lrassc3  in  some 
cases  also  fails  to  satisfy  fully  the  designers'  requirements,  due  to 
limitation  in  the  strength  of  bronze-aluminum  castings  (()m*22-30  kg/mm2) 

Consequently,  prospective  materials  for  fabrication  of  propellers 
of  various  classes  and  types  are  the  stainless  steels.  Use  of  stainless 
steels  with  a  low  nickel  content  furnishes  a  manifold  increase  in 
service  durability  of  propellers  of  the  conventional  class  and  saves 
large  amounts  of  rare  colored  metals  in  the  production  of  the  highest 
type  propellers. 

Fabrication  of  highly  stressed  propellers  of  the  highest  class 
with  the  use  of  highly  durable  and  high-strength  dispersionally  hardened 
stainless  steels  leads  to  an  improvement  in  service  characteristics 
(mechanical  strength  hydrodynamic  properties,  etc.)  of  propellers,  due 
to  a  1.5-2  fold  increase  in  strength.  In  addition,  stainless  steels, 
compared  to  bronzes  and  brasses,  have  a  much  better  resistance  .to  des¬ 
truction  due  to  erosion  and  cavitation  ar.d  a  higher  resistance  against 
corrosive  fatigue.  Among  the  advantages  of  stainless  steels  should 
also  be  listed  their  high  resistance  to  corrosional  cracking  in  sea. 
water  and  their  specific  gravity,  lower  than  that  of  brasses. 


The  tonnage  of  stainless  steel  used  in  the  fabrication  of  propellers 
is  growing  annually.  A  substantial  number  of  stainless  steel  propellers 
have  been  put  into  service  in  ships  and  have  demonstrated  their  durability 
under  operating  conditions. 

Technology  of  fabrication  of  stainless  steel  propellers  is  being  per¬ 
fected.  New  casting  methods  arc  coming  into  use,  bringing  about  an  invest¬ 
ment  in  quality  of  cast  blade  surfaces.  New  molding  materials  used  reduce 
sand  crust  and  obstructions  in  castings;  allowances  for  machining  are  re¬ 
duced  through  calculation  (in  design  of  casting  appliances)  of  the  casting 
deformations  of  the  blades,  etc.  Introduction  of  such  improvements  permits 
even  a  greater  increase  in  production  of  steel  propellers  through  elimina¬ 
tion  to  a  large  extent,  of  the  difficulties  associated  with  the  technological 
properties  of  stainless  steels  (lower  fluidity  in  casting  and  more  difficult 
machining) . 

There  is  very  little  information  in  technical  literature  relative  to 
properties  of  stainless  steels  used  in  propellers  or  the  technology  of  their 
production.  This  hampers  further  penetration  of  this  field  by  stainless 
steels.  This  article  makes  the  first  attempt  to  assemble  and  systematize 
the  available  information  relative  to  this  subject. 

L.  A.  Glickman,  A.  M.  Weingarten,  V.  K.  Kupriyanova,  Y.  E.  Zabochcv, 

K.  P.  Lebedev,  L.  A.  Suprun,  V.  F.  Shchegolev,  E.  N.  Lieberman,  E.  K.  Remizova, 
F.  M.  Katzman,  B.  E.  Yudina,  V.  V.  Kornevkin,  A.  V.  Kornaushenkov,  A.  S.Kadin, 
F.  I.  Domorkin,  L.  G.  Mikhno,  A.  D.  Mikhaylova,  all  took  part  in  the  work  of 
investigating  the  use  of  stainless  steels  in  the  fabrication  of  propellers 
and  the  development  and  mastery  of  production  techniques. 

The  authors  also  express  their  gratitude  to  Dr.  of  Sc.  Professor  Y.  A. 
Nekhendzi  for  a  number  of  valuable  suggestions. 


CHAPTER  I 

6iu«CI JRAL  STEELS,  CAST  IRONS,  AND  COLORED  METAL  ALLOYS  USED 
IN  THE  FABRICATION  OF  SCREW  PROPELLERS  FOR  SHIPS. 


The  use  of  various  metallic  materials  in  the  fabrication  of  ships' 
propellers  is  basically  governed  by  various  standards  and  technical 
specifications,  both  in  the  USSR  and  abroad.  The  most  complete  classi¬ 
fication  of  such  materials  appears  in  GOST  8054-59,  compiled  in  the  USSR. 

In  compliance  with  this  standard,  metallic  propellers  of  all  types  of 
ships  of  the  merchant  marine  are  subdivided  into  two  classes  -  the  highest 
and  the  normal.  Propellers  of  the  highest  class  are  distinguished  by  a 
cleaner  surface,  greater  precision  of  dimensions,  shape  and  weight  and 
also  by  their  greater  resit  nance  to  corrosion  and  erosion. 

GOST  8054-59  establishes  the  uses  for  the  following  metallic  materials: 
for  fabrication  of  propellers  of  the  highest  class: 

1)  mark  LMtsG  55-3-1  brass  per  GOST  1019-47; 

2)  stainless  steel  -  with  no  reference  to  brand  (in  accordance  with 
technical  specifications  accompanying  the  order) , 


Footnote  1 : ofo  ^ 60  kg/mm2;  £  - J5X ;  vj/^35%;o<k  ^  3  kgM/cm2. 

For  fabrication  of  propellers  of  the  normal  class: 

1)  stainless  steel  -  with  no  refcreuce  to  brand  (in  accordance  with 
technical  calcifications  accompanying  the  order) 

2)  carbon  steel  marks  25L,  30L,  and  35L  in  accordance  with  GOST 
977-58  (Group  II); 

3)  cast  iron  marks  SCh  21-40,  SCh  24-44,  SCh  28-48,  SCh  32-52  and 
SCh  35-56  according  to  GOST  1412-54; 

4)  high-strength  cast  iron  VCh  40-10  according  to  GOST  7293-54. 

In  addition  to  the  materials  covered  by  GOST  8054-59,  the  following 
are  used  in  the  USSR  in  the  fabrication  of  ships'  propellers: 

1)  aluminum  brass  having  high  strength  and  durability,  designation 
LAMtsG  67-5-2-2  (for  small  propellers  of  the  highest  class). 

2)  cast,  forged  and  rolled  steel  of  weldable  type  (for  welded  propellers 
of  the  normal  class. 

Abroad,  screw  propellers  of  the  highest  class  are  made  chiefly  of 
special  brasses  and  aluminum  bronzes.  Special  brasses  are  being  increas¬ 
ingly  displaced  by  aluminum  bronzes  because  of  greater  strength,  resistance 
to  fatigue,  resistance  to  corrosion  and  erosion,  absence  of  tendency  toward 
corrosive  cracking  and  lower  specific  gravity  of  the  latter. 
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Stainless  steels  are  used  only  to  a  limited  extent  In  the  production 
of  propellers  of  the  highest  class. 

Abroad,  propellers  of  the  normal  class  are  cast  principally  of  carbon 
steels  and  cast  irons;  colored  metal  alloys  based  on  copper  (brasses  and 
bronzes),  stainless  steels  and  structural  steel  alloys  are  used  in  some 
cases.  The  latter  are  used  instead  of  carbon  steels,  chiefly  for  the  sake 
of  increasing  the  durability  of  propellers  in  the  course  of  operation  due 
to  their  higher  mechanical  strength  and  the  resistance  to  erosive  deteriora¬ 
tion  possessed  by  the  structural  steel  alloys. 

Basic  data  relating  to  the  properties  of  materials  used  in  the  USSR 
and  abroad  in  the  production  of  propellers  is  furnished  below. 


Structural  Carbon  Steels. 

In  accordance  with  GOST  8054-59,  carbon  steel  designations  25L,  301, 
and  35L  (Group  II)  are  used  in  the  casting  of  propellers.  Per  GOST  977-58 
the  chemical  composition  of  castings  of  the  above  steels  must  conform  to 
the  values  listed  in  Table  1.  Their  mechanical  properties,  subsequent  co 
heat  treatment,  must  meet  the  requirements  of  Table  2. 


Table  I 
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Table  2 

Mechanical  properties  of  2^L,  pOL  and  steels 
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In  some  cases,  principally  on  comparatively  small  and  low-6peed  vessels, 
(certain  types  of  tugs,  self-propelled  barges,  etc.)»  welded  propellers  of 
normal  class  with  stamped  blndes  of  rolled  plate  and  rolled,  forged,  or  cast 
hubs  are  being  used.  The  following  designations  of  weldable  steels  are  em¬ 
ployed  : 

1)  for  blades  -  rolled  plate  St.  3C;  St.  4C.  - 

2)  for  hubs  -  rolled  sections  St.  3C;  St.  4C;  10;  15;  20.  / 

3)  for  forged  hubs  -  St.  3;  St.  4;  10;  15;  20;  and  other  weldable 

steels; 

4)  for  cast  hubs  -  20L. 

The  chemical  composition  and  levels  of  mechanical  properties  of  carbon 
steels  used  in  casting  propellers  for  vessels  of  the  German  merchant  marine 
(taking  into  account  the  requirements  of  German  Lloyd  / 1 6/ ,  /38/,  are  listed 
in  Table  3.  Steel  designation  Stg  45.81  is  specified  for  casting  propellers 
for  cargo  carriers,  tugs  and  passenger  vessels  of  medium  displacement.  Stg 
52.81  steel  designation  is  specified  for  propellers  of  large  vessels  and 
Icebreakers. 


Accordii  j  to  the  rules  of  English  Lloyd  (1956)  /39/  steels  having 
j  -41-55  kg/nra2  and  a  relative  elongation  of  not  less  than  20%  must 
bemused  in  steel  castings  of  propellers  and  other  shipbuilding  components. 
The  fcllc  '  *  ila  roaship  between  the  actual  values  of  ultimate  tensile 

stress  an.  v*  .ive  elongation  must  also  be  maintained:  cj’y  +  o  "TT  "  57. 


Tension  failure  teats  must  be  made  on  specimens  having  the  following 

..  ■  *  -  S %  -  J  1 1 

dimensions. 


— » * 

mmm  « 

Diameter  d 
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50 

20 
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25 
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Tabie  J 

Chemical  composition  and  mechanical  properties  of  carbon  steels  for 
cast  propellers  of  the  German  merchant  marine. 
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Bending  tests  arc  made  on  rectangular  specimens  of  25  x  19  mm  cross- 
section,  with  corners  rounded  off  to  1.5  mm,  and  on  circular  section  oaes, 
with  a  d  -  25  no.  These  specimens  must  withstand  120  bends  made  over  a 
pi. .  having  a  diameter  d  ■  50  mm. 

According  to  "Rules  for  the  Construction  and  Classification  of  Steel 
Ships"  of  Bureau  Veritas  (France)  /37 /,  shipbuilding  steel  castings,  includ 
ing  propellers,  ^re  tested  In  tension,  cold  bending,  impact  fall  (sometimes 
replaced  with  Impact  blow  tests)  and  hass&er  tapping. 

Two  types  of  tension  specimens  are  used: 

A  (d  ■  13.8  ssa;  1  ■  100  mm)  end  B  (d  ^  15  nn;  1  -  15d). 

Ultimate  tensile  strength  must  be  within  40-55  kg/mm^ .  Minimum  values 
of  relative  elongation  corresponding  to  the  ultimate  tenaile  stress  are 
shown  in  Table  4. 


Relations  between  standard  elongations  and  ultimate 
tensile  strength  for  cast  steel  for  propellers  according 
to  Bureau  Veritas. 


kg/sn  2 
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55 
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20 

18 

16 

14 
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20 

20 

18 

ilZ _ i 

The  cold  bending  test  is  made  on  rectangular  specimens  with  25  x  25  mm 
sections,  length  ■  250  mm,  over  a  pin  having  d  -  50  nm.  Minimum  angles  of 
bending  of  specimens  without  cracking,  related  to  the  magnitude  of  the 
ultimate  tenalle  atrength,  are  shown  in  Table  5. 

Table  5. 

Relation  between  standard  angles  of  bend  and  the  ultimate 
tensile  strength  of  cast  steel  used  in  propellers  according 

to  Bureau  Veritas. 


cr~  kg/mm2 

40 

45 

50 

55 

Angle  of  bend,  degr. 

"170" 

“W 

90 

"TO - 

Impact  test  \ln  lieu  of  dropping  the  casting)  is  made  on  bars  measuring 
30  x  30  x  225  ssa.  The  distance  between  supports  is  160  mm;  weight  of  drop 
hammer  18  kg;  height  of  drop  2.75  M.  The  specimens  must  withstand  10  blows 
without  fracture. 


Alloyed  Structural  Steels. 

Alloyed  structural  steels,  having  higher  strength  and  ductility  than 
carbon  steels,  ere  often  used  in  casting  propellers  (complete  and  in  parts) 
of  the  normal  type.  This  leads  to  a  certain  reduction  in  weight  of  the  pro¬ 
pellers  end  reduces  the  thickness  of  the  blades,  it  also  increases  their 
capacity  to  take  impact  loading  under  operating  conditions.  The  chemical 
composition  end  mechanical  properties  of  these  steels  are  shown  in  Table  6. 
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Nickel  steel  with  a  3%  average  nickel  content  was  formerly  used  for 
cast  propellers.  This  steel,  along  with  an  increase  in  strength,  also 
possesses  greater  plasticity  and  resistance  to  impact  at  low  temperatures. 
Because  of  these  properties,  this  steel  was  used  in  casting  propellers 
(chiefly  with  demountable  blades)  for  icebreakers.  Currently,  steel  with 
31  Ni  is  not  used  in  the  USSR  in  the  production  of  propellers  of  the  normal 
type,  since  operational  experience  does  not  confirm  any  appreciable  ad¬ 
vantages  resulting  from  its  use. 

Steel  alloyed  by  small  additions  of  copper  and  chrome  is  used  in 
Holland  in  casting  propellers.  There  are  indications  that  such  steel  is 
much  more  corrosion  and  erosion  resistant  than  carbon  steel  in  sea  water. 

Chrome-nickel-molibdenum  structural  steel  is  used  in  Belgium  for  im¬ 
proved  resistance  to  erosive  damage  to  propeller. 


*  u  d  a  0  0 

Chemical  composition  and  mechanical  properties  of  alloyed  structural  steels 

used  in  propellers. 
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CAST  IRONS 

Cast  iron  propellers  of  the  normal  class,  conforming  to  GOST  8054-59, 
are  case  of  gray  cast  iron  (including  a  modified  one)  with  graphitic  lami¬ 
nations  (designations  SCh  21-40;  SCh  24-44;  SCh  28-48;  SCh  32-52  and  SCh 
35-56),  T«ble  7  shows  the  levels  of  mechanical  properties  of  Che  above  cast 
irons  per  GOST  1412-54.  Designations  SCh  28-48,  SCh  32-52  and  SCh  35-56 
are  produced  by  the  modification  method. 


Table  7- 

Mechanical  properties  of  cast  irons,  according  to  GOST  1412  -  p4 
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Prescribed  mechanical  properties  of  cast  iron  for  use  in  ships*  propellers 

according  to  3ureau  Veritas. 


/ 

Shear  test 

j  3ending  test 

' . - 

«  •  v  ^ 

Hardness 

Cast  iron 
Designation 
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:  load  at  failure 

:  ke. 

r* 

*  i 

J *“  ’ 1  1  1  mi 

High  strength  .... 

’  25 

j  500 

160  -  '200  i 

Strong . 

18 

£ 

0 

t 

1 

140  -  200 
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For  casting  of  more  highly-stressed  propellers  GOST  8054-59  specifies 
the  use  of  high-strength  cast  iron,  designation  VCh  40-10,  GOST  7293-54. 
VCh  40-10  cast  iron  (containing  globular  graphite),  on  specimens  cut  from 
trefoil-shaped  stock,  must  have  the  following  minimum  values  of  mechanical 
properties:  «  40  kg/mm^;  t  «  30  kg/mm^;  /  «  10%;  < .  (on  specimens 

10  x  10  x  55,  without  notching)  r  3  kgM/cm^j  Hg  ■  156—  i97. 

Regulations  of  the  Bureau  Veritas  require  the  metal  from  castings  of 
gray  cast  iron  propellers  to  be  tested  in  shear,  bending  and  for  hardness. 
The  shear  test  is  made  on  cylinders  of  25  mm  cross-section.  Bending  test 
is  made  on  rectangular. specimens  8  x  10  x  40  mm,  with  a  30  mm  spacing  of 
supports.  Table  8  lists  the  requirements  for  cast  iron  for  propellers  and 
other  components,  according  to  Bureau  Veritas  regulations. 

Table  9  gives  the  standards  of  chemical  composition  and  mechanical 
properties  of  gray  cast  iron  for  casting  propellers  of  the  normal  class 
for  merchant  vessels,  effective  in  Germany^^-- 


Chemical  composition  and  mechanical  properties  of  cast  iron  for 
propellers,  according  to  German  ap-cif lent  ions . 

i  - — — — ■  i.  .  _ _ _ 


jCaot  iron  L 
Idcsignat'n  i 

I - L 

C-o  22.91  j 
Go  26.91 


Chemical  composition,  -o 
C  s*  i 

w  w  a  i  « 


2.6-p.O  1.0-1. 2  <  3. 8-1.0  j  <0.55  <0.03 
2.8-5. 2  1.0-1. 5  j  1*0-1. 2  ;<Q.p5  <0.05 


r-  2  “v  ,  ,  ; 
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Non-ferrous  Alloys. 

Currently  an  overwhelming  majority  of  the  highest  class  propellers  in 
the  USSR  are  cast  of  LMtsZh  55-3-1  ferro-manganous  brass.  The  chemical 
composition  and  mechanical  properties  of  this  brass  are  shown  in  Table  10. 


Type  of 
copper 


Chemical  Composition  and  Mechanical  Pr  ^perties  of  LMtsZh  55-3-1 

|  Chemical  Composition,  %  Mechanical  pro  :erties,not  teas 

!  Cu  I  Muj  FE  T  Zn  J  Total  ad-  o'#  j  r  i  angle  of 


}  Chemical  Conn 

josition,  %  1 

Cu 

Mu 

FE 

Zn 

Total  ad¬ 
mixtures 

53-58 

3-4 

0.5-1. 5 

Ost. 

<£2.0  \ 
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Under  modern  methods  of  designing  propellers  for  strength  one  of  the 
basic  quality  indicators  of  a  material  is  its  elastic  limit.  The  LMtaZb 
55-3-1  brass  has  a  (approximate)  £? t  ^20  kg/mm^  (on  specimens  cast  inte¬ 
gral  with  the  blades).  Structure  of  LMtsZh  55-3-1  consists  of  C'  +  p  -  phases 

In  order  to  increase  the  strength  of  a  propeller,  its  efficiency  and 
resistance  to  corrosive  cracking,  and  to  reduce  its  weight,  aluminum- 
mangano- ferrous  brass,  designation  LAMtsZh  67-5-2-2,  is  used  for  casting 
small  propellers.  A  refined  consistency  of  a  similar  type  of  brass  used  in 
casting  medium  and  large  propellers  is  designated  LAMtsZh  68-5.5-2-2. 

Standards  of  chemical  composition  and  mechanical  properties  of  these 
two  brass  designations  are  shown  in  Table  11.  The  LAMtsZh  68-5.5-2-2  brass 
has  a  4  ^^-25  kg/mm^  (on  specimens  cast  integral  with  the  blades).  Brass 
LAMtsZh  67-5-2-2  has  a  structure  consisting  of  *  phases. 


Chemical  composition  and  mechanical 
LAMtsZh  67-5“2-2  and 


nroaerties  of  brass  ce 
•  * 

7  tv.  s-?— ? 

•  w  i  •  y  • 
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Prior  to  World  War  II  all  the  principal  foreign  firms  in  casting  pro¬ 
pellers  of  the  highest  class  usadc*.  +  ft  brasses  containing  from  33  to  427. 
Zn  and  alloyed  with  various  additives.  Table  12  gives  the  data  relative  to 
the  chemical  composition  and  mechanical  properties  of  these  brasses  / 1 6/ , 
733/ . 


Continuing  increase  in  the  speed  of  vessels  and  in  the  power  of  prime 
movers  demands  the  imposition  of  greater  proportional  loadings  on  their  pro¬ 
pellers.  This  calls  for  the  use  of  stronger  alloys,  however,  an  increase 
in  the  strength  of  special  brasses  (in  the  manufacturing  specifications  for 
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propellers)  can  only  actually  be  achieved  by  increasing  the  proportion  of 
alloying  components.  This  in  most  cases  leads  to  an  increase  in  the  amount 
of  the  /5-phaee  in  the  structure  of  the  alloy  and,  in  consequence,  increases 
the  tendency  of  brasses  toward  corrosive  checking. 


Table  '  12. 

Chemical  composition  and  mechanical  properties  of  foreign  special  brasses 


used  for  the  casting  of  propellers 


I  Cflirt.rv 


Chemical  ccm-icsition,  % 


Mechanical  ; 
Properties' 


Continuing  increase  in  the  speed  of  vessels  and  of  the  power  of  prime 
movers  creates  the  need  to  impose  greater  proportional  loadings  on  their 
|  propellers.  This  requires  the  use  of  stronger  alloys,  however,  an  increase 

1  in  strength  of  special  brasses  (in  the  production  specifications  for  pro¬ 

pellers)  can  be  only  practically  achieved  through  the  increase  of  in  the 
j  proportion  of  alloying  components.  This  in  most  cases  leads  to  an  increase 

in  the  amount  of  the  $  phase  in  the  structure  of  the  alloy  and,  as  a  con¬ 

sequence,  Increases  the  tendency  of  these  brasses  to  be  subject  to  corrosive 
checking. 
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As  a  result  of  research  to  find  new  alloys  for  casting  propellers  with 
higher  mechanical  properties  and  a  smaller  tendency  toward  corrosive  crack” 
ing  and  de-zinclng,  the  use  of  aluminum  brass  containing  approximately  207. 

Zn  and  67.  A1  was  proposed  in  the  USA,  even  prior  to  the  war. 

For  example,  the  following  composition  of  aluminum  brass  was  published 
in  their  literature  /16 /:  5%  Al:  3%  Fe;  4%  Mn;  187.  Zn;  Cu  -  remainder.  This 
brass  had  a  “  58  -  65  kg/mnr;  gj*0 >•  -  31  kg/mm^  and  18  -  25%,  and  was 
used  for  casting  propellers  for  high-speed  launches. 

To  obtain  still  higher  resistance  to  corrosion  and  erosion,  corrosive 
fatigue  and  corrosive  cracking,  and  to  ensure  higher  strength,  aluminum 
bronzes  wholly  devoid  of  zinc  began  to  be  used  abroad  even  before  the  war. 
These  studies  have  been  especially  Intensified  recently.  A  number  of  prom¬ 
inent  companies,  especially  in  England,  Holland,  and  the  USA  /31/,  /32/, 

/33/,  have  undertaken  the  production  of  large  propellers  (weighing  up  to 
30.5  T  and  with  diameters  up  to  6  M)  using  alloyed  aluminum  bronzes  known  as 
"Nialite,”  "Nickalium,"  "Kunial,"  "Novostone",  and  others.  *Table  13  pre¬ 
sents  the  data  relating  to  the  chemical  composition  and  the  mechanical  prop¬ 
erties  of  these  bronzes  of  which  the  strongest  is  the  English  "Novostone." 

According  to  the  regulations  of  the  British  Lloyd  (1956)  ultimate  ten¬ 
sile  strength  of  bronze  used  in  propellers  and  their  blades  must  not  be  less 
than  44  kg/mm.  Actual  values  of  ultimate  tensile  strength  and  of  relative 
elongation,  obtained  by  testing,  must  satisfy  the  relation  0.635  vr-y  4 *6  48 

However,  the  absolute  magnitude  of  elongation  must  at  the  same-  time  be  not 
less  than  15%.  Tests  for  elongation  are  made  on  -specimens  with  a  d  «  14  or 
20  mm  and  an  1  ■  50  mm. 

According  to  the  regulations  of  the  French  Bureau  Veritas,  (1951), 
bronze  used  in  propellers  and  in  their  blades  must  have  y  ^>43  kg/mm^. 

The  minimum  relative  elongation  of  the  alloy  used  in  propellers  must 
satisfy  the  equation  <7“v  +  2  d  83 ,  depending  upon  the  magnitude  of  the 

ultimate  tensile  stress.  Elongation  tests  are  made  on  specimens  with  a 
d  ■  18.8  mm  and  1  ■  100  mm. 


As  said  before,  the  structural  carbon  steels,  cast  irons,  and  brasses 
designated  LMtsZh  55-3-1,  currently  used  in  the  production  of  propellers, 
possess  certain  serious  deficiencies  which  shorten  the  useful  life  of  pro¬ 
pellers  and  which  in  many  cases  fail  to  provide  assurance  that  the  re¬ 
quired  structural  quality  is  being  obtained. 

Among  these  shortcomings  are  the  following: 

1)  Low  mechanical  strength  (yield  point)  of  carbon  steel,  cast  iron 
and  LMtsZh  55-3-1  brass. 

2)  insufficient  plasticity  and  ductility  of  cast  iron,  as  well  as 
the  high  critical  temperature  of  transition  of  carbon  steel  and  cast  iron 
into  the  brittle  state. 


★  See  page  16  for  Table  13. 
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3)  low  resistance  to  corrosion  and  erosion  in  sea  water  of  carbon 
steel  and  cast  iron. 

4)  inadequate  resistance  of  carbon  steel,  cast  iron  and  brass  to 
destructive  action  of  cavitation  and  to  the  mechanical  wear  caused  by 
operation  in  water  containing  sand  in  suspension. 

5)  carbon  steel's,  cast  iron's  and  brasses'  low  resistance  to  fatigue 
when  inters ed  in  sea  water. 

6)  tendency  toward  corrosional  checking  and  dezinting  possessed  by 
the  LMtsZh  55-3-1  brass. 

7)  high  specific  gravity  of  LMtsZh  55-3-1  brass. 

Data  relative  to  operational  durability  of  propellers  made  of  various 
materials  is  presented  below.'. 

Carbon  Steel  Propellers  of  the  Normal  Class.  On  the  basis/ operating 
experience  at  sea,  extending  over  many  years,  it  has  been  established  that: 
propellers  of  the  normal  class  made  of  carbon  steel  show  a  very  low  resistance 
toward  corrosion  and  erosion.  As  a  result  of  corrosive  and  erosive  deteriora¬ 
tion  of  steel  propellers  during  theinitial  stages  of  their  service,  the 
roughness  of  their  surfaces  increases. 


Average  rbughr.ese  of  normal  class,  carbon 


steel  propellers'  biuco  surfaces. 


i 

i 

Init  icvl 

After  1  year 
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iyCC 

1  1 

2yOC  j  j 

In  Table  14  (Engr.  F.M.  Katzman's  data)  there  is  a  list  of  comparative 
values  of  average  roughnesses  of  propeller  blade  surfaces,  made  of  carbon 
steel,  related  to  their  length-in-service.  It  should  be  noted  that  these 
figures  apply  to  blade  surfaces  and  do  not  represent  the  deterioration  at 
their  edges,  where  the  metal  usually  turns  into  a  "sponge"  after  1.5-2. 5 
years  of  service,  is  riddled  by  transverse  cavities  and  has  often  broken 
off  due  to  loss  of  Strength. 

Due  to  such  rapid  increase  in  roughness,  there  is  a  substantial  drop 
in  the  propeller's  efficiency,  decrease  in  the  vessel's  speed  and  capabili¬ 
ties  and  an  Increase  in  fuel  consumption.  The  ships  must  be  dry  docked 
for  overhaul  and  replacement  of  propellers,  leading  to  substantial  expanse 
and  loss  of  productive  time. 


j 

I 
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Cheaical  composition  and  mechanical  properties  of  foreign  special  alaair.ua 

bronzes  used  for  the  casting  of  propellers 
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Substantial  corrosive  and  erosive  damage  to  carbon  steel  propeller 
blades  occurs  as  early  as  6  months  after  their  installation.  After  1.5-2. 5 
years  of  operation,  such  propellers  are  usually  completely  worn  out,  as 
confirmed  by  the  following  examples : 

1)  A  carbon  steel  propeller  installed  in  1945  on  the  S.S.  Captain 
Gastello  became  useless  in  1946.  In  1947  this  propeller  was  replaced  by  a 
new  one,  also  cast  of  carbon  steel;  the  new  propeller  soon  also  became  use¬ 
less  and  had  to  be  replaced  in  1949.  The  loss  in  the  vessel's  speed  over 
s  period  of  one  year,  due  to  deterioration  of  the  propeller,  amounted  to 
0.5  knots.  _ - 


VK 
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2)  On  T.S.  Alexander  Matrosov,  during  four  years  of  service  (1945-49) 
two  steel  screws  were  replaced.  Loss  of  speed  of  this  vessel  after  two 
years  of  service  amounted  to  1.5  knots. 

3)  On  T.S.  Dlmitriy  Donskoy,  a  carbon  steel  propeller  Installed  in 
1950  already  had  to  be  r<?nlaced  in  1951,  due  to  heavy  corrosive- erosive 
deterioration.  The  ship  sailed  on  a  Lenlngrad-Tsingtao-Stettln  cruise  and 
on  the  return  trip  its  speed  had  decreased  by  1.2  knots.  While  traversing 
the  Red  Sea,  one  of  the  propeller  blades  was  lost,  due  to  heavy  corrosive 
deterioration. 

4)  Steel  propellers  were  installed  on  the  S.S.  Outess  on  20  April  1952. 
An  Inspection  made  on  25  September  1952  revealed  transverse  corrosive- 
erosive  cavities  and  pitting  of  the  edges  of  the  blades.  These  propellers 
were  condemned. 

5) .  On  T.S.  Akhmolinsk  new  carbon  steel  propellers  were  installed  in 
November  1955  and  were  found  to  be  completely  deteriorated  after  a  period 
of  21  months. 

6)  Normal-class  propellers  of  carbon  s:  eel  were  installed  in  the  whal¬ 
ing  ships  of  the  "Slava"  flotilla  and  during  the  course  of  each  cruise, 
(approximately  30,000  miles)  nearly  30%  of  the  blade  surfaces  have  been 
destroyed  through  the  action  of  corrosion  and  erosion.  Edges  of  the  blades 
assume  the  appearance  of  "sponges".  The  corrosion  and  erosion  damaged 
areas  are  repaired  each  year  by  welding.  Damage  to  the  propeller  blades 

in  some  cases  has  lowered  the  speed  of  the  ships  by  17-20%.  Average  service 
life  of  normal  class  carbon  steel  propellers  under  operating  conditions  en¬ 
countered  by  the  whaling  ships  of  the  "Slava"  flotilla  (including  annual 
repairs)  amounts  to  2-3  years. 

Fig.  1,  a  and  b,  shows  the  steel  propeller  of  a  fishing  trawler  which 
has  been  operating  in  the  Barents  Sea  over  a  "period  of  two  years.  The 
blades  of  this  propeller  in  the  area  of  the  leading  edge  and  at  the  tips 
are  completely  destroyed  by  corrosion  and  erosion.  The  surfaces  of  the 
remaining  parts  of  the  blades,  adjacent  to  the  destroyed  edges,  are  covered 
by  corroslonal  pits  up  to  10  am  deep. 

Domeatic  information  relative  to  corrosive-erosive  destruction  of 
normal-class  steel  propellers  agrees  with  similar  foreign  experience.  For 
instance,  blades  of  propellers  made  in  Belgium  of  type  25L  (C.2SX  C)  carbon 
steel,  in  one  year  of  operation  showed  considerable  deterioration,  both  on 
the  compressive  and  the  suction  surfaces  of  the  blades.  Through  cavities 
penetrated  the  edges  of  the  blades. 

Apart  from  being  put  out  of  commission  rapidly  due  to  corrosive- 
erosive  damage,  a  great  number  of  carbon  steel  propellers,  especially  chose 
operating  in  Icy  waters,  have  to  be  discarded  prematurely  owing  to  mechanical 
damage  to  the  bladea  from  Impact  of  ice,  rocks,  submerged  timber  and  similar 
objects.  Such  injuries  are  aggravated  due  to  the  low  mechanical  strength 
of  carbon  steel  and  by  its  comparatively  low  resistance  to  brittle  failure 
(especially  at  low  temperatures). 
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Cast  Iron  Propellers  of  the  Normal  Class.  Durability  of  normal  class 
propellers  made  of  cast  iron  is  considered  (in  the  absence  of  mechanical 
failures  in  the  course  of  exploitation)  to  be  somewhat  higher  than  that  of 
carbon  steel  ones.  If  the  maximum  service  life  of  blade  surfaces  before 
their  normal  wear  out  averages  2.5  years  of  carbon  steel,  for  cast  iron 
propellers  it  extends  to  5  years. 

However,  other  data  fails  to  confirm  this.  For  instance,  Professor 
I.N.  Voskresenskiy  / 6/  states  that  a  trawler's  cast-iron  propeller  (2. 9-3.0 
m  diameter;  engine  power  approximately  600  h.p.)  may  be  destroyed  by  co- 
rosicr.  and  erosion  within  15  to  24  months.  Corrosive -erosive  deterioration 
of  the  blades  of  a  cast  iron  propeller  can  be  already  observed  after  six 
months  of  service  and  repairs  become  necessary  after  12  months.  The  most 
severe  corrosive-erosive  damage  is  usually  found  at  the  tips  of  the  pro¬ 
pellers  and  along  their  leading  edges. 


Fig.  1.  Corrosive- erosive  deterioration  of  a  carbon  steel  propeller 
after  2  years  of  service  in  the  E-rens  Sea:  a  -  overall 
view  of  the  propeller;  b  -  damage  to  the  blade. 

M.  Spitkovskiy  and  A.  Vcrlhoshapov  /Id/  describe  the  corrosive-erosive 
damage  to  a  four-blade  east  iron  propeller  2650  am  in  diameter  ir stalled  on 
a  tanker.  After  two  years  of  service  the  tips  of  the  blades  were  found  to 
be  pitted  over  a  distance  of  *'00-500  asa;  while  the  tips  of  three  of  the 
blades  were  almost  entirely  destroyed,  the  fourth  one  still  retained  the 
damaged  spongy  part. 

Figure  2  shows  an  overall  view  of  a  cast  iron  propeller  the  bladea  of 
which  have  undergone  corroaive- erosive  destruction. 
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Fig.  2.  Corrosive-erosive  destruction  of  the  blades  of  a 
oast  iron  propeller  screw. 

This  evidence  testifies  to  the  fact  that  durability  of  cast  iron  pro¬ 
pellers  under  sen-going  conditions  does  not  differ  materially  from  that  of 
carbon  steel  ones.  - 

Contradictory  information  relative  to  the  comparative  durability  of 
steel  and  east  iron  propellers  evidently  results  from  failure  to  account 
accurately  for  some  features  of  exploitation  of  certain  cast  iron  propellers. 
The  later  are  usually  employed  on  vessels  cruising  on  lakes  and  rivers  and 
also  in  regions  of  the  sea  situated  near  the  mouths  of  large  rivers,  that  is, 
in  locations  presenting  less  severe  conditions.  Evidently  this  is  exactly 
the  reason  why  certain  people  engaged  in  this  type  of  research  have  formed 
the  conclusion  as  to  superiority  of  cast  iron  propellers. 

Table  15  presents  the  results  of  corrosion  tests  of  cast  iron  and  carbon 
steel  made  in  sea  water,  carried  out  by  Y.E.  Zobachev  / 12/ .  This  data  demon¬ 
strates  that  cast  if  on  propellers  should  present  no  ai  antages  in  the  matter 
of  corrosion  resistance  as  compared  with  carbon  steel  ones,  for  operation  in 
sea  water.  Corrosion  resistance  of  cast  iron  propellers  is  also  very  low. 
Resistance  of  gray  cast  iron  propellers  to  erosion  also  does  not  differ 
materially  from  that  of  carbon  steel  ones. 

A  serious  disadvantage  of  gray  cast  iron  propellers  is  their  low  strength 
and  brittleness,  both  substantially  below  those  of  cast  steel  propellers. 

These  shortcomings  of  cast  iron  propellers  can  be  somewhat  diminished 
by  casting  them  of  high-strength  cast  iron  with  spheroidal  graphite,  however, 
this  material  has  not  yet  attained  the  wide  use  which  it  merits. 


BEST  AVAILABLE  COPY 
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Results  of  tests  of  corrosive  re  sic; a:;;- 


of  cast  iron  and  carbon 


steel  in  sea  water  irrorsion 


Keans  of  Increasing  corrosion  resistance  of  structural  steel  and  of  cast 
iron  propellers.  Substitution  of  low-alloy  structural  steel  for  carbon 
steel  and  cast  iron  results  in  improved  mechanical  properties  of  normal  class 
propellers,  slightly  improves  their  resistance  toierosion,  but  virtually  no 
improvement  in  corrosion  resistance. 

L.  A.  Glickman  and  Y.  E.  Zobachev  / 12/  have  done  some  important  research 
to  investigate  the  possibilities  of  improving  corrosion  resistance  of  steel 
propellers  by  means  of  enameling,  electroplating  with  zinc,  brass  and  stain¬ 
less  steel;  thermal  diffusional  chroming  and  zincing;  mechanical  strengthen¬ 
ing  by  shot  blasting;  electro-spark  hardening  with  sermite,  ferrochroae  and 
the  T30K4  hard  alloy;  electrolythic  chrome  and  zinc  plating;  application  of 
non-metallic  coatings  (polyisobutilene,  bitumen  and  polyten).  However,  ac¬ 
cording  to  the  authors'  report,  none  of  these  protective  treatments  gave  any 
positive  results. 

Vulcanization  of  the  blade  surfaces  and  of  the  hub  with  a  coating  of 
rubber  is  som^tirres  used  abroad  to  increase  the  durability  of  steel  propel¬ 
lers,  but  this  method  has  not  attained  widespread  popularity,  probably  <.ue 
to  the  difficulty  of  accomplishment  and  inadequate  resistance  of  the  rubber 
coating  to  the  various  mechanical  agents  encountered  in  service'  (impact  of 
rocks,  submerged  timber;  abrasive  action  of  steel  cables  which  get  wound 
around  the  propeller,  etc.). 

Favorable  results  are  obtained  through  the  use  ».  the  method  of  protect¬ 
ing  steel  propellers  from  corrosion  described  by  L.A  Glickman,  Y.E.  Zobat- 
cnev,  G.I.  Kart'yanov,  N.N.  Piishkln  and  X.  Xatzman  3/.  This  method  con¬ 
sists  of  facing  the  surfaces  of  A  cast  propeller  of  carbon  steel  with  a  thin 
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(2  mm)  sheet.  of  rolled  stainless  steel,  designation  lKhl8N9T,  fastened  with 
electrically  driver,  rivets  and  nanual  eieetrovelding.  It  is  however  ob¬ 
vious  that  such  a  method  cannot  be  used  for  protecting  propeller  blades 
having  small  thickness  and  sharp  edges,  fabricated  under  rigorous  limita¬ 
tions  as  to  the  accuracy  of  dimensions  and  shape.  Besides,  it  is  probable 
that  this  method  would  not  prove  to  be  economically  feasible  for  line  pro¬ 
duction  of  propellers,  due  to  high  labor  costs. 


Propellers  of  the  Highest  class,  tfade  of  Brass  and  Bronze.  As  men¬ 
tioned  before,  the  great  majority  of  propellers  of  the  higher  class  are  in 
the  USdR  are  mode  of  LMtsZh  55-3-1  brass  having  the  following  basic  faults. 

2 

1.  Insi.ff ici ent  strength:  the  guaranteed  magnitude  20  kg/nan  . 

In  the  design  of  propellers  for  modern  vessels  there  is  often  a  possibility 
of  reducing  the  blade  thickness  through  the  use.  of  a  stronger  material 
(  o  -  j.  ;~7'  25-35  Kg/ram^),  but  due  to  the  lack  of  such  a  material  it  becomes 
necessary  to  employ  propellers  of  greater  thickness  and  weight.  Thickening 
of  the  blades  has  an  adverse  effect  on  the  hydrodynamic  properties  of  the 
propellers  leading  to  a  decrease  in  efficiency,  to  a  non-productive  in¬ 
crease  in  the  power  of  prime  movers,  drop  in  speed,  increase  in  fuel  con¬ 
sumption  and  intensification  of  corrosive-erosive  deterioration. 


According  to  the  data  furnished  by  ?.  Hudson  /31/  the  use  of  special 
brass  with  17  kg/mm^  leads  to  the  thickening  of  propeller  blades 

amounting  to  approximately  8Z  and  to  a  reduction  in  its  efficiency  of  ap¬ 
proximately  1.5V,,  as  compared  with  a  propeller  made  of  special  aluminum 
bronze  with  c or  ■-^r-r.25  kg/rnm^. 


An  increase  in  the  weight  of  a  propeller  resulting  from  the  use  of  a 
lower-strength  material  also  gives  rise  to  the  necessity  of  increasing  the 
engine  power  and  accentuates  the  rate  of  wear  of  the  propeller  shaft  bear¬ 
ings. 


2.  Tiie  trend  toward  intensive  corrosicnal  deterioration  as  a  result 
of  dezincing,  occurring  chiefly  with  the  us?  of  brass  propellers  in  wooden¬ 
hulled  vessels. 

According  to  available  data,  the  dczir.cing  process  of  LMtsIh  55-3-1 
brass  of  some  wooden-hulled  vessel’s  picpeliers  during  1-1.5  years  of 
service  produces  complete  destruction  of  the  blades’  edges.  The  radical 
drop  in  strength  of  the  blade  material  caused  by  dezincing  frequently  leads 
to  their  complete  break-down. 

3.  The  likelyhood  of  corrosive  checking  due  to  the  effects  of  sea 
water  (or  ever,  of  industrial  air  poluticn),  and  tensile  stresses  caused  by 
the  application  of  external  loads  and  the  effect  of  secondary  stresses 
(for  instance,  stresses  produced  by  the  welding  of  defects).  The  trend 
toward  corrosive  checking  of  LMtsZh  55-3-1  brass  grows  with  the  amount  of 

j,  -phase  in  its  structure. 
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Foreign  experience  with  the  use  of  higher  class  propellers  made  of 
special  brasses,  installed  in  high-speed  vessels,  has  disclosed  another 
important  shortcoming  of  non-ferrous  alloys  of  this  type,  their  inadequate 
resistance  toward  corrosive  fatigue.  According  to  F.  Hudson  /3L/,  aboard 
torpedo  boats  of  the  Royal  Navy  during  World  War  II,  there  were  frequently 
cases  of  destruction  of  special  brass  propellers  due  to  their  low  resistance 
to  corrosive  fatigue.  Growing  fatigue  cracks  in  the  basal  cross-sections 
of  the  blades  often  caused  their  complete  break-off. 

Brass  designation  LAMtsZh  67-5-2-2  (LAMtsZh  68-5.5-2-2)  used  in  the 
USSR  for  the  fabrication  of  the  higher  class  propellers  has  a  number  of 
advantages  over  LMtsZh  55-3-1  brass:,  higher  strength  ( cr*t  «  25  kg/mm^), 
higher  corrosive  resistance  in  turbuleut  sea  water,  a  lower  tendency  toward 
dezincing  and  corrosive  checking.  Nevertheless,  the  strength  of  this  brass 
is  still  insufficient  to  meet  all  of  the  requirements  arising  in  the  course 
of  designing  modern  propellers.  Besides,  the  presence  of  20%,  Zh  in  the 
composition  of  the  brass  creates  a  certain  tendency  toward  dezincing  and 
corrosive  checking. 

Special  aluminum  bronzes  (see  Table  13),  used  for  casting  propellers 
abroad,  do  not  have  many  of  the  major  defects  of  the  special  brasses.  With 
the  use  of  the  aluminum  bronzes  of  this  type,  there  is  an  increase  in 
corrosion-enosion  resistance  of  propellers,  a  virtual  elimination  of  the 
tendency  toward  selective  corrosion  (dezincing)  and  corrosive  checking,  a 
greater  resistance  to  corrosive  fatigue,  of  10-15%, lower  weight  of  the 
propellers  (due  to  lower  specific  gravities  of  aluminum  bronzes  and  smaller 
blade  thicknesses  due  to  the  greater  strength  of  the  material).  Neverthe¬ 
less,  according  to  available  information,  strength  of  available  aluminum 
bronzes  is  also  limited  and  is  inadequate  for  most  installations.  The 
elastic  limit  of  such  bronzes,  in  the  face  of  the  required  level  of  plasticity 
currently  does  not  exceed  30  kg/mra. 

Thus,  it  is  possible  to  conclude  that  the  improvement  in  durability 
of  morraal  class  propellers  with  the  use  of  non-ferrous  alloys  in  place  of 
steel  and  cast  iron  (bronzes,  brasses)  cannot  be  recommended  in  view  of  the 
need  to  achieve  all  possible  savings  in  the  use  of  copper  and  the  inadequate 
mechanical  strength  of  non-ferrous  alloys. 

Plastics  (nylon,  plastic-glass  fiber,  etc.)  have  come  into  use  in  the 
last  few  years  in  the  fabrication  of  propellers  of  1.5  -  2.5  m  diameter. 

The  low  specific  gravity  of  plastics,  their  high  elasticity  and  dura¬ 
bility  in  sea  water  and  the  possibility  of  fabricating  propeller  stocks  by 
pressing  (virtually  without  any  subsequent  machinging)  offer  attractive 
prospects  for  the  use  of  these  materials  in  the  fabrication  of  a  great 
variety  of  propellers.  However,  adoption  of  fabrication  of  plastic  pro¬ 
pellers  and  their  testing  under  service  conditions  (especially  of  the 
larger  types  of  propellers  used  on  high-speed  vessels)  will  undoubtedly 
require  a  certain  amount  of  time. 

/ 

The  problem  of  fundamental  impro-'  anent  in  quality  of  material  used  in 
normal  and  highest  class  propellers  c«n  be  rationally  solved  in  many  in¬ 
stances  through  the  use  of  stainless  i  eels. 


CHAPTER  II 


STAINLESS  STEELS  USED  IN  THE 
FABRICATION  OF  PROPELLERS  IN  FOREIGN  COUNTRIES. 


There  is  a  scarcity  of  published  material  relating  to  composition  and 
properties  of  stainless  steels  used  in  casting  propellers  abroad,  however, 
existing  information  permits  the  establishment  of  the  following  fundamental 
rules  which  serve  to  guide  the  foreign  companies  using  stainless  steel  for 
such  purposes. 

1.  ,l.s  compared  to  carbon  structural  steel,  the  use  of  stainless- steel 
in  the  fabrication  of  the  normal  class  propellers  provides  a  substantial  in¬ 
crease  in  corrosion  and  erosion  resistance  and  in  many  cases,  in  the  mechani¬ 
cal  strength  and  resistance  to  impact.  In  casting  propellers  of  this  classi¬ 
fication,  chromous  martensite  or  martenisic-f erritic  stainless  steels  (of 
the  1  Kh  13  and  2  Kh  13  types)  are  commonly  used,  sometimes  alloyed  with 
small  amounts  of  nickel  (approximately  1%  N.t). 

2.  The  use  of  stainless  steels  in  the  fabrication  of  the  highest  class 
propellers  in  lieu  of  copper-base  non-ferrous  alloys  (special  brasses  and 
bronzes)  results  in  a  saving  in  scarce  colored  metals,  provides  greater  me¬ 
chanical  strength  and  resistance  to  corrosion  fatigue,  greater  resistance  t 
to  corrosive  cracking,  as  well  as  better  resistance  to  corrosional  deteriora¬ 
tion  and  to  that  caused  by  the  abrasive  action  of  water  containing  sand  in 
suspension. 

Austenitic  and  austeno-ferritic  types  of  stainless  steels  are  most  often 
used  for  the  fabrication  of  propellers  of  the  highest  class.  There  are  some 
cases  of  employment  of  less  durable  martensitic  and  raartensito-ferritic 
stainless  steels  attributable  to  the  following  considerations: 

a)  scarcity  of  certain  alloying  additives,  primarily  that  of  nickel. 

b)  insufficient  strength  of  austenitic  and  austeno-ferritic  stainless 
steels  (their  is  inadequate  to  insure  the  reliability  of  certain  types 
of  highly  stressed  propellers); 

c)  relative  newness  and  low  availability  of  highly  durable,  high- 
strength  dispersicnally  hardened  stainless  steels. 

Available  data  relating  to  propellers  of  the  normal  and  the  highest 
classes  made  abroad  of  stainless  steel  is  presented  below. 
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Stainless  Steels  Used  in  the  Fabrication  of  Normal 
Class  Ships1  Propellers. 


1.  Published  /35/  data  on  the  use  of  stainless  steel  propellers  in 
whaling  ships.  Such  operations  are  often  carried  out  in  regions  abounding 
in  floating  ice.  Under  such  operating  conditions,  propeller  blades  sub¬ 
jected  to  low  temperatures  are  also  abraded  by  floating  ice  and  suffer  im¬ 
pact.  The  use  of  stainless  steel  has  resulted  in  a  substantial  increase 
in  the  propeller  durability  of  these  vessels.  The  steel  used  contains 
12-147,  Cr  and  has  a  cr  y  *  65  -  70  kg/mm2.  Impact  strength  of  the  steel  per 
Izode  is  15.-  20  foot-pounds;  f  =  257C.  The  steel  is  subjected  to  a  cold 
bending  test.  The  indicated  set  of  characteristics  makes  stainless  steel 
particularly  suitable  for  propellers  of  ships  cruising  in  the  Arctic. 


2.  A  stainless  steel  propeller  fabricated  abroad  is  installed  in  one 
of  the  whalers  of  the  "Slava"  flotilla.  The  chemical  composition  of  this 


0. 15%  C; 


52% 


steel  is  as  follows: 

0.015/C  S;  0.02/C  P.  The  whaling  ship 
cruised  in  the  Antarctic  for  a  period 
miles.  The  stainless  steel  propeller 

tion. 


Mn;  0.477,  Si;  13.07.  Cr;  0.957.  Ni; 
equipped  with  this  propeller  has 
of  8  years,  covering  over  200,000 
has  shown  no  evidence  of  deteriora- 


3.  Stainless  steel  with  the  following  chemical  composition  is  being 
used  in  Belgium  for  the  fabrication  of  propellers:  0.17.  C;  12-147.  Cr; 

1.07.  Ni.  This  steel  has  a  o'y  -  50  -  65  kg/mm2;  £•—  =  30  -  40  kg/mm2; 

ak  -  6  kgM/cm2;  HB  =  150  -  200. 

4.  Ships  built  in  Holland  have  stainless  steel  propellers  with  the 

following  composition:  0.087,  C;  0.40/C  Si;  13.2%  Cr ;  0.17.  Ni;  and  0.307. 

Mo.  The  mechanical  properties  of  this  steel  determined  from  specimens 
taken  from  the  propeller's  blades:  0"y  -  46.9  kg/mm2;  -  34.3  kg/mm2; 
o  =  57.;  ak  »  1.0  -  1.2  kgM/cm^.  Judging  from  the  structure  and  the  me¬ 
chanical  properties,  this  propeller  has  not  been  subjected  to  heat  treat¬ 
ment  . 

5.  On  ships  built  in  the  GDR,  stainless  steel  propellers  are  installed, 

having  the  following  properties:  0,17.  C;  C.3-0.57C  Si;  0.3-6.57.  Mn; 

13.5-15%  Cr;  0.8-1. 2%  Ni;  0. 1-0.2/C  V.  The  following^ mechanical  properties 
are  guaranteed:  38  kg/W;  ,~y  ~n%75  kg/mm2;  6  5  tp*  157.;  %  -  180  - 

240;  impact  resistance  unspecified.  The  propellers  are  delivered  without 
being  heat  treated,  probably  to  preclude  deformation  of  blades  which  occurs 
in  the  process  of  heat  treatment. 
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SCLinless  Steels  used  in  the  Fabrication  of  Propellers 

of  the  Highest  Class. 

1.  Propellers  of  the  highest  class  of  the  passenger  ship  "Europa"  / 16/ 
were  case  in  austenitic  stainless  steel  V2A2.  Their  diameter  was  4450  mm; 
rough  weight  15  T.  Their  composition:  0.17.  C;  17.87*  Cr;  8.57*  Ni;  0.025% 

P;  0.027.  S.  In  addition,  small  amounts  of  Titanium  and  Tantalum  were  intro¬ 
duced  to  reduce  the  grain  size  and  eliminate  the  tendency  toward  inter¬ 
crystalline  corrosion.  To  reduce  the  deformation  of  the  blades  these  pro¬ 
pellers  were  not  heat  treated  in  the  course  of  fabrication. 

i 

The  stainless  steel  employed  had  the  following  mechanical  properties: 

:  t  =  18-24  kg/mm2;  C,"V'  -  57-61  kg/mm2;  =  20-287.;  %  *  155-190. 

Stainless  steel  was  used  in  the  "Europa's"  propellers  in  order  to  in-  • 
crease  their  resistance  to  cavitationai  damage. 

2.  In  the  fabrication  of  highest  class  propellers  for  installation 
on  special  ships  in  the  FRG,  according  to  Lloyd's  data  / 16/ ,  they  use 
austenito-f erritic  steel  with  the  following  chemical  composition:  0.1- 
0.157.  C;  1. 5-2.0  Si;  0,5-1.07.  Mn;  5. 5-7.0%  Ni;  21.5-23.0%  Cr. 

/ 

3.  In  France,  as  early  as  1932  /36/,  they  developed  and  used  in  place 
of  bronze  for  highest  class  propellers,  a  stainless  austenito-f erritic 
steel  with  the  following  chemical  composition:  0.06 %  C;  0.6%  Si;  0.5%  Mn; 

20%  Cr;  8.07,  Ni;  2.5%  Mo;  1.5%  Cu.  Heat  treatment  of  this  steel  consisted 
of  austenization  at  1150°  and  stabilization  at  900?  with  a  6-hour  exposure. 

4.  In  Belgium  stainless  austenitic  steel,  designation  18/8,  with  the 
following  composition  is  used  for  the  production  of  the  highest  class  pro¬ 
pellers:  0.1%  C;  18.0%  Cr;  8.0%  Ni. 

The  mechanical  properties  of  this  steel,  according  to  the  manufacturer's 
data:  o'y*  50-60  kg/mm2;  rt  »  25-35  kg/mm2;  •-  *=  15-20%;  a^  -  15-20  kgM/cm2. 

5.  A  four-blade  stainless  steel  propeller  was  installed  in  the  SS  Mat- 
sesta,  built  in  Germany  in  1925,  (diameter  of  this  propeller  3.6M,  weight 
3.5  T) .  This  propeller  has  been  in  service  in  the  "Katsesta"  for  35  years 
and  has  never  been  overhauled.  Its  surface  is  smooth  and  bright,  showing 
no  traces  of  corr os tonal  or  erosional  pitting. 

A  chemical  analysis  and  hardness  test  of  the  steel  from  the  SS  Matsesta 
propeller  furnished  the  following  data:  0.19%  C;  1.5%  Mn;  21.5%  Cr;  10.0% 

Ni;  0.027.  ?;  0.015%  S;  Brinnel  hardness  Hg  *=  242. 

6.  Table  16  shows  the  results  of  chemical  analyses  of  a  highest  class 
stainless  steel  propeller  (diameter  3300  mm;  weight  6019  kg),  fabricated  by 
one  of  the  German  firms.  Examiration  of  this  data  shows  that  the  propeller 
was  cast  of  stainless  steel  alloyed  with  23-24%  Cr  and  6%  Ni.  Small  addi¬ 
tions  of  Titanium  and  Vanadium  were  made  evidently  to  refine  the  basic 
graaular  structure. 
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Mechanical  properties  of  this  stainless  steel,  obtained  from  specimens 
cut  from  the  blades  of  the  propeller,  are  shown  in  Table  17.  The  low  plas¬ 
ticity  and  toughness  levels  of  this  steal  are  attributable  to  the  fact  that 
the  propeller  was  fabricated  without  resorting  to  heat  treatment.  The. 
steel's  structure  consisted  of  austenitic  polyhedrons,  with  oblong  grains 
of  alloyed  ferrite  located  along  their  circumference.  Large  accumulations 
of  carbide  could  be  observed  along  the  edges  of  the  ferritic  granules. 

Table  18  presents  the  mechanical  properties  of  this  propeller's  stainless 
steel  subsequent  to  a  variety  of  thermal  treatments.  From  this  data  it  is 
apparent  that  the  highest  values  of  strength,  plasticity  and  malleability 
were  obtained  upon  its  austenization  at  1150°  without  subsequent  annealing. 
The  microstructure  of  the  steel  following  its  austenization  at  1150®  con¬ 
sisted  solely  of  austenite  and  ferrite. 


Table  17. 


i*.ecnar.ica^  properties  of  stainless  steel  obtained  or.  specimens  cut  from  a 

5*5  V.  -  diameter  propeller 
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propellers’  fairing  and  ics  cover  places  were  made  of  2  Kh  13 
a  & iiia  1 1  addition  of  nickel;  the  fairing  plug  -  of  type  2  Kh  13 

hub  ring  -  of  type  1  Kh  13  K  9  T  steel  and  the  ring  pin  of  3  Kh 


7.  Chrome  stainless  steel,  martensite  class,  designation  StgCrlAKM 
was  used  for  casting  propellers  of  the  highest  class  for  the  German  Navy 
during  the  war,  it  had  the  following  chemical  composition:  0.2%  C;  13.0% 

Cv;  0.7%  Mn;  0.35%Si;  0.04%  ?;  •  0.03%  S  (S'+  P  •  -  .  0.07%). 

After  heat  treatment >  StgCrlAKM  steel  had  the  following  mechanical 

O  ♦  °  * 

properties:  y  65  kg/satr  ;  t  40  kg/mm-;  (with  1/d  «=  5 )  ft-  12%;  a^ 

(Menage)  ••  3  kgm/cnr;  angle  of  bend  (over  a  pin  with  d  »  3a)  180° ;•  %  * 

190  -  240. 

3.  J.  R.  Getz  and  II.  Refnes  /28/  tell  of  the  widespread  use  on  Nor¬ 
wegian  coastal  vessels  of  adjustable  pitch  propellers  made  of  martensite 
class  stainless  steel,  with  13%  Cr.  The  use  of  chrome  stainless  steel  was 
evidently  brought  about  by  the  need  for  high  strengths,  not  obtainable  with 
the  use  of  austenitic  and  austeno-ferritic  steels  which  do  provide  a  higher 
resistance  to  corrosion.. 

9.  Carter  Z.  Henry  / 27/  tells  of  research  carried  out  at  New  Orleans 
(USA)  related  to  the  use  of  the  highest  class  propellers  made  of  austenitic 
stainless  steel  on  tugboats  cruising  on  inland  waterways.  In  this  case, 
stainless  steel  propellers  were  used  in  lieu  of  non-ferrous  alloy  ones  in 
order  to  obtain  higher  resistance  to  abrasive  action  of  water  containing 
sand  in  suspension  (shallow  water  cruising),  and  also  to  reduce  the  number 
of  break-downs  caused  by  impact  of  various  debris  floating  in  such  waters. 

In  selecting  the  brand  of  stainless  steel ,  the  following  requirements 
governed: 

a)  the  steel  must  have  high  resistance  to  v?ear  in  waters  containing  sand; 

b)  the  steel,  must  be  sufficiently  plastic  and  must  deform' without  frac¬ 
turing,  when  bent; 

c)  steel  must  have  adequate  impact  strength; 

d)  resistance  to  corrosion  of  the  steel  in  water  must  be  not  less  than 
that  of  non-ferrous  alloys; 

d)  steal  must  insure  simplicity  of  repairs  of  propeller  blades  with¬ 
out  resorting  to  heat  treatment  upon  completion  of  the  overhaul. 

% 

The  stainless  steel  propellers  of  a  tugboat  were  examined  in  drydock 
after  6  months  of  service.  It  was  found  that  the  surfaces  of  the  propellers 
showed  virtually  no  signs  of  wear,  in  spite  of  the  severity  of  the  operating 
conditions . 

Casting  of  the  3-m  diameter  propeller  shape  in  a  mold  was  done  with  a 
teapot  laddie;  the  steel  was  melted  in  an  arc-type  electric  furnace.! 

l~  TCccoroTng" To "Tda'tTY3u/  the  is-b  steel  tor  pi  spellers  with  a  very  low 

carbon  content  (below  0.03-0.04%)  has:  o"y“52,5  »  ;/mm2;  -  24.5  kg/ram^ 

40-50%;  •:  -  50-60%. 


The 

steel  with 
steel;  the 
13  steel. 
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10.  Donald  K.  Harris  in  his 
to  the  following  stainless  steals 
chromous  with  18%  Cr,  chrome-nickc 
nickel.  The  chemical  composition 
Table  19. 


review  /29 /  paper  furnishes  data  relating 
used  ::or  the  fabrication  of  propellers: 

■1  designated  i.8-8  and  chrome-manganous - 
and  mechanical  properties  are  shown  in 


According  to  this  source,  chrctaous  steel  with  15%  Cr  is  the  one  most 
commonly  used  in  the  casting  of  propellers.  The  advantage  of  this  steel 
is  its  high  strength.  Corrosional  stability  of  chromous  steel  in  sea  water 
cannot  be  considered  good  owing  to  its  tendency  to  develop  pitting.  How¬ 
ever,  the  corrosional  resistance  of  this  steel  is  certainly  higher  than 
those  of  low-alloy  steels.  A  sc-.rious  shortcoming  of  chromous  steel  is  its 
tendency  to  develop  hair  cracks, .  which  form  as  a  result  of  the  disruption 
of  normal  processes  of  heat  treatment. 


Steel  designation  18-8  is  ordinarily  used  in  a  heat-treated  form  which 
insures  the  formation  of  austenitic  structure;  however,  the  formation  of 
the  same  structure  may  also  be  obtained  without  thermal  treatment  through 
stabilization  of  the  composition  through  the  addition  of  niobium  and  tan¬ 
talum  to  the  steel. 


Corrosive  resistance  of  the  steel  subjected  to  stabilization  is  some¬ 
what  lower  than  that  of  tempered  steel,  but  it  is  quite  adequate  for  the 
satisfactory  performance  of  the  propeller  in  sea  water.  Steel  of  the  18-8 
type  shows  some  tendency  toward  pitting  in  still  water.  Its  over-all  re¬ 
sistance  to  corrosion  is  better  than  that  of  manganic  brass.  An  advantage 
of  the  18-8  type.  sret?.l  is  also  its  high  resistance  to  fatigue  in  sea  water. 
Propellers  made  of  this  steel  are  successfully  used  in  North  America  (Gui.'' 
of  Mexico),  as  well  as  in  inland  navigable  waters.  Such  operating  conditions, 
due  to  corrosive  effects  (in  many  cases)  of  sea  water  and  of  industrial 
wastes,  corrosive  effectn_of  silt  and  mechanical  effects  typical  of  shallow 
waters  are  all  deemed  to  be  especially  severe. 

Chromous -manganic-nickel  austenitic  steel  used  in  the  fabrication  of 
propellers  of  medium  dismensions  designed  to  serve  under  severe  conditions 
was  selected  by  the  American  Kennedy  firm.  Testtdemonstrated  that  corro¬ 
sional  resistance  of  this  steel  is  e.qual  to  that  of  manganese  brass. 
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Technical  spec lx i ca  c ions  for  the  product 
ditiona  under  which  they  are  used  impose  the 
stainless  steel.  The  steel  must: 


ion  of  propellers  and  the  con- 
following  requirements  on 


1)  have  such  a  cor ros 


onal  and  erosions!  resistance  in  sea  water  that 


after  several  years  of  service 
retain  their  original  sooothr.es 
efficiency  of  the  propeller; 


the  surfaces  of  the  propeller  blades  should 
s  and  remain  free  of  pits  which  lower  the 


9'. 

*•/ 


contain 


a  minimum  amount  of  costly  and  scarce  components; 


3) 

to  have 


have  a  higher  strength  ahatn  that  of  carbon  steel  and ,  specifically, 
.•  t-  30-35  kg/mm2,  at  the  same  time  insuring  a,  +  20OvT‘  3  kgM/cra^, 


and  adequate  plasticity .  The . fabricating  specifications  for  propellers  must 
require  stability  of  mechanical  properties,  subsequent  to  simple  heat  treat¬ 
ment,  and  must  eliminate  the  necessity  of  tempering  in  liquid  mediums  which 
so  strongly  distort  the  true  shape  of  the  propellers; 


4)  must  have  the  required  fluidity  and  hare  no  tendency  to  form  hot 

and  cold  cracks  during  casting;  * 

5)  must  permit  the  use  of  welding  on  minor  casting  defects  without 
the  necessity  <»£  preheating  the  entire  castings; 

6)  must  be-  macb Ineablo  with  the  use  of  tools  made  of  tool  steels  and 
alloys  readily  available  to  the  machine  tool  industry,  and  on  the  machines 
commonly  available  for  the  fabrication  of  propellers. 

High-chrome  Steels  Without  Nickel  and  With 
Nickel  Content  Up  to  ^"1. 

Up  to  the  start  of  research  leading  up  to  the  commencement  of  stainless 
steel  propeller  production,  the  nomenclature  of  domestic  stainless  steels 
suitable  for  casting  of  shapes  was  much_  more  limited  th«6-,that  of  rolled 
and  forged  stain! cos  steels  which  had  already  gained  widespread  acceptance 
in  the  industry.  j-  - 

Chroma  stainless  steels  most  nearly  met  the  requirements  of  mechanical 
•properties,  concent  of  scarce  components  and  cost,  for  use  in  the  fabrica¬ 
tion  of  normal  class  propellers.  Depending  upon  the  relative  carbon  and 
chrome  content,  these  steels  are  divided  into  ferritic  and  ferrito-martensi- 
tic  (so-called  semi-ferri tea) ,  martensitic  ane  ferritic-carbide. 
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Ferntic  steers  <!-j  .cot  undergo  p her. a  I  tvanrf  .vernations  during  heat 
treatment,  since  tn-..-;y  lack  the  •  ''f  *  t r ru u f orma t i on .  Their  primary 

crystal- line  structure  remains  virtually  unchanged  as  a  result  of  heat 
treatment,  consequently,  they  are  ehar&ctcris-.ud  by  their  coarsely-crystal- 
line  structure.  Such  steels  tend  to  have  an  increasing  size  of  grain  with 
an  increase  of  temperature  above  b00°  and  in  the  course  of  welding.  A 
certain  reduction  in  size  of  grain  is  achieved  with  the  introduction  of 
nitrogen  into  the  liquid  steel,  or  through  the  acceleration  of  cooling 
during  the  process  of  crystallization.  The  size  of  grain  increases  sharply 
with  delayed  cooling. 

Plasticity  ot  chromo-ferri tic  steel  decreases  with  an  Increase  in 
chrome  content.  This  is  ’very  apparent  when  the  chrome  content  reaches 
16-17%. 

According  to  Y.  A.  Kohendzy  / 17/ »  ferritic  steels  containing  13-14% 

Gr  have  f.  «  30  -40  kg/nsw2,  20%  and  •  «  30%.  With  a  16-20%  Cr  con¬ 

tent,  elongation  cue  uccix..i.ag  dwwo  c.j.cc  co  5  — X0/«. 

Ferro- chromium  steels  with  less  than  14%  Cr  are  plastic  and  ductile, 
but  are  noted  for  their  low  corrosi vc  resistance  and  are  therefore  suited 
only  for  service  in  low- aggressive  mediums  (lor  example.  in  atmosphere), 
hut  unsuited  for  operations  in  sea  ’rater.  Ferro- chromium  steels  with 
16-20%  Cr  concent  %X«iV  e  much  higher  corrosion  resistance,  but  low  plasticity 
and  ductility. 

Ferritic -chrome  steals  have  undesirable  casting  properties .  They  have 
poor  fluidity  duo  c.o  the  low  carbon  and  high  chromium  content.  Sup  cm  eating 
the  liquid  metal  to  increase  its  fluidity  results’ in  an  increase  in  primary 
granulosity,  leading  to  an  abrupt  drop  in  ductility  and  plasticity. 

Among  the  highly -alloyed  chromium  stainless  steels,  the  most  commonly 
used  oner;  as  structural  mater  in  la  are  the  ferritic  -martens  It  ic  (semi- 
£ err i tie)  and  the  martensitic  ones  containing  a  greater  proportion  of  carbon. 
Among  these,  the  most  commonly  used  ones  are  the  !Khl3L  and  2IChl3L,  liet.  d 
in  GOST  2176-57  as  "C astiuga  of  high-alloy  .steels  with  special  properties *V 24/. 

In  the  course  of:  heat  treatment  these  s reels  undergo  transformations  - 
partial  in  the  somif erritic  and  complete  in  the  martensitic  steels;  due  to 
this,  a  relatively  high,  level  of  strength,  plasticity  and  ductility  is  ob¬ 
tained. 

Xhe  increase  iv.  carbon  content,  as  compared  with  that  of  ferritic 
steels,  increases  their  fluidity,  while  t: ha  corrosion  resistance  is  lowered 
duo  to  the  formation  of  chxomous  carbides.  Carbides  reduce  the  chrome  con¬ 
centration  in  solid  solution  because  their  chrome  content  is  considerably 
greater  than  that  of  carbon.  For  instance,  in  the  carbide,  composition 
F04C,  the  chrome  content  Is  17  times  grent.ee  than  that  of  carbon.  Increase 
ir.  the  amount  of  chronous  carbides  also  lowers  the  ductility  and  elasticity 
of  steel. 
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of  increased  carbon  content,  it  is 


Bees use  of  the 

cdvisabJ  e  to  ot  .‘.ain  a  .pnrteneiti  r  or  mar c e:u»  it ic-f err itic  structure  by 
introducing  a  certain  maour.?:  of  nickel  into  rue  .steal,  thus  also  obtaining 
better  corrosion  resistance. 


In  the  USSR  steels  of  this  type  (Table  20)  are  widely  used  for  the 
production  of  castings  'for  hydraulic  turbines,  though  they  t:oo  have  some 
shortcomings.  According  to  >].  I),  Vnsiliev,  they  are  prone  to  produce  mis** 
castings. 

According  to  I.  E,  Xrianin  and  G.  I.  Bakina  / 15/,  used  in  large  cast- 
ings,  this  sued  is  Inclined  toward  hater ogenity  manifested  by  fluctuations 
in  the  values  of  relative  elongations,  compression  and,  especially,  impact 
toughness  resulting  from  the  liquation  of  chrome  and  carbon.  Areas  of 
ferrite  rich  in  chroma'  anu  dtnromoua  carbides  can  be  observed  in  the  castings. 
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Such  liquations!  phenomena  in  most  cases  are  not  even  eliminated  by 
heat  treatment  consisting  of  dual  or  triple  air  tempering  at  1050-1150°; 
as  a  result  of  which,  plastic  properties  are  improved  only  slightly. 

Welding  up  of  defects  in  castings  made  of  this  steel  is  extremely  dif¬ 
ficult  to  accomplish,  as  it  can  only  be  made  with  the  castings  heated  to 
300-400°.  "  . 

A  serious  defect  of  these  chromous  stwels,  containing  12-14.5%  Cr, 
especially  of  the  2Xii  131.-* type  •  stools ,  is  their  inclination  toward  pitting 
corrosion  in  sea  wafer,  although  the  overall  loss  of  weight  is  slight.  Ac¬ 
cording  to  A.  A.  Babakov  fi /,  the  average  depth  of  corrosive  pits  in  sea 
water  is  appro*  itHiteiy  0.02  mut  per  year.  •  However,  'with  a  small  average 
rate  of  corrosion,  parts'  made  of  this  steel  sustain  deep  local  damage- which 
radically  lowers  the  strength  of  the  product.  Even  rolled  steel  of  this 
consistency,  used  in  drive  shafts  of  vessels/,'  was  found  to  be  unsuitable  *: 
for  use  in  set  wafer  clue  to  the  severe  pitting  cf  the  shafts  (even  with 
protective  devices  installed  in  the  vessels).  This  corrosion  is  especially 
virulent  with  the  growth  of  calciferous  deposits  on  the  surfaces  of -the 
steel  parts . 
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resistance,  but  an  extrem- 


contaiviing  over  19-20/ Cc,  they.  ir.  addition  to  low  impact  strength,  also 
have  low  plasticity.  According  tc  N.S.  kreschanovsky  / 14/,  steel  contain- 

22".',  Cr,  and  -i  Mi,  with  no  addition  of  nitrogen,  had  an 


ing  0.21-0.22%  C 


(a 


at  560°)  of  approximately  0.05  kg'M/cm  . 
•ain  and  because  of  it,  furnishes  a 
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certain  ( tn ough 

is  tics.  In  addition,  steels  with  such  high  chronic  content  are  noted  for 
tnexr  poor  riowub.e.1. tty . 


insufficient)  it.pvcve.nent  in  plastic  and  strength  character - 


u*.,  >ou  s  ., l t* < l ...  *. . ,  e  j..i,  ubcel. 

Struct  nr  a*i  toe- bo.vv  .pan  Ivy  of  :  ■  i  gb-cf  re.  e  steels  and  the  resulting 
vo f* xc%x x oi*i&  ox  *r.t; c< t v»i i  i  %* .» >  TC’Dji.'.H  l  ox.  *  -X x a  x. »_  ,sxc*wicr»3  ox  a  cast in^? j  0 s 

well  as  the  low’  c owes i. i  w;ir:,w.cc  j.;i  :r.aaiu;i.a  containing  chlorine  ions 
(..r.iong  them,  ae.i-u.ja«a*,  tv  y-  e. ; .. i.’.y  pointed  water)  ,  create  the  necessity 
for  add.l  tlcnal  o  .1  i  oyxn.3  oA*  ^  a  -*j 1 »  •.#  c  a  x*  a.  c  ,  /i  r.inewcr  of  elements,  including 
copper,  are  used  for  this  purpose.  Chromoun  stainless  steels  alloyed  with 
copper  present  r.  number  of  .niv.vatrges , 

According  to  AJi.  Vo mashc.v  / 3.9/ ,  addition  of  copper  radically  decreases 
the  rat,:  of  corrosion  of  ertrowous  steels  in  aggressive  surroundings.  Anodic 
iner  cncw. s  of  the  seed  occurs  as  .-.  result  of  secondary  anodic  polarization, 
produced  by  eke  deposition  of  copper.,  a  cathode,  onto  the  surface  of  the 
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sections  of  a  casting 


According  to  A.  F.  Khimcuslun  and  A, A.  Babakov  /?./,  additions  of  1% 
to  see  ds  with  12 -IV/-  Or  and  0.1%  0  .manifests  itself  chiefly  by  the  fact 
.bet  various  smelts  with  widely  varying  compositions  acquire  approximately 
th,.  some  properties  after  thermal  treatment. 


A  •;  <>  /.  I,,  dcianin  and  G.  id  bob ou.dk inn  /i5 /,  copper  de- 
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-  *•/  uaing  chro^ocuprous 
.  .-pollers  furnished  no 
v  ..Lieut  of  copper  was 
1:  I,  at  eel  containing  copper 
•„u  water,  but  has  a  low 

content,  such  steels  have 
but  are  noted  for  their  poor 
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•..'ora  ‘obtained  by  A.  A.  Basakov  and  F.  F.  Khimoushin 
:•>  vc-'i. .  Ir.r.y  deteiviii:*c:.  tree  steel  having  15%  Cr 
corrosion  resistance  In  cea  water. 
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r.u-:  Steel ,  ‘Designation  lI<hl4ND. 


„V.-.A  1.V -A.! 4  ,V«  '  ‘ '  -'•**  1  'YCOv.'c  Aw  .  i'. 0- t*1  A IT Clll  f.V U f'  carried  cut  by 
A,  >1.  wobuvt.  >  U,  LI  nbe  b.  Liebarraan,  E.  K.  Remizova,  and  the 

authors  / 5/  ‘.r.  order  L:a  fin::  n  readily  available  stainless  steel,  suitable 
to,:  prone  i  lav.  „  or  ran  ••loi.val  cutes  .road  with  a  greater  sea-water  durability 
than  th?  IRblbL  nud  steel;-..  Considering  the  improved  corrosional 

stability  with  ccaco-".:e:.c  od  hi  cion  ox  copper  and  nickel,  the  research  was 
C O l'« i.'  v  C' 1 ! C1  O-.v  vii%i  .1  .'.A  Oi*  C  ‘  '£ \j»JJvOvS m*  nickel- anurous  stainless  steel. 


A  tv.unSer  bar., iz  wore  melted  in  40  to  ICO  kg  inductive  furnaces  and 
else  in  /• 3  ion  capacity  basin  arc  furnaces,  in  the  course  of  developing 
such  a  c.o;i:.;os:i  r  i.na .  i,:a  oat  of  basic  component  proportions  on  the 
luechonicnl  proper*-  Lev  w.v,  ohm-bod  for  ranges  of:  carbon  from  0.05  to  0,207. 
silicon  Ivor.  0.0b  a/  chrome  from  12.5  to  15%;  nickel  from  1,2  to  2%; 

cooper  fvoin  1.2  c;>  27s .  The  -.tanganeoc  content  in  all  cases  amounted  to 
0.3-0. 3%. 


Ti.  won  d-H'ur^i.v -;d  Uir.  fc  'iv.p.'.ct  real  stance  decreases  with  the  increase 
in  c.vrbon  content,.  Abe*  levies ;•  ‘t eves.  of  impact  strength  corresponded  to. a 


u .  (. v  contevi;. , 


decrease  in  impact  strength  can  be  al¬ 


ready  observed  above  r,  contour  of  0. 11%  ,C.  This  tendency  was  particularly 
pronounced  with  a  combination  of  an  increased  carbon  content  and  a  Si  con- 

i \ siu i:  ‘in’ yv o . <\ , 


V  I  .  i.  .•  v.l  L.  i. 


eAVCUC:  COn 


contort  vituin  the  limits  of  12.5  to,15%  had 


/ 


virtually  no  .  C ,  >  or.  the  mechanical  properties .  No  material/  effect  on 
the  mccbcni-ca!  a,  o;I  ;rr.  ;.vr  c.oi/jc  i>«  observed  for  variations  in  nickel  and 
<:o  /per  contra::;  l,-'.  to 


a  v.-.c;;-::  t-f  ,:r. i :i  i ov u a »; x go r i to. ,  «e  proposed  a  stainless  steel 
designation  ‘lkh\.4ND  with  ;:Uo  rollovrlng  compositions:  •rA  1.1%  C;  -A=-  0.47. 
Si;  O.b -0.4%  Mu;  lb. 5 -15%  Cr;  1.2-1. b%  Kl;  1.2 -1.6%  Cu.  The  selected 
lower  Limit:  of  chromium  content  (13.5%)  for  the  given  car,  ;n  content 
vLrLunily  iucuc.-.u  i.bo  presence  ov  not  less  than  12-12.5%  Cr  in  the  solid 
..ol  utica. 


T 


*..  yV:  -y  "  oft*- 


■-An.  a;  '  '• ,  -  ;  0.24A  C  <ic  the.  minimum  chrome 

covit*  <:v.z  or  la.-. ,.  sura  :■  «.  vabj.u  c a.  .-a ,  thus  accounting  for 
their  Lov/cr  corroci  oa  resrst  .  an  v .  vv .....  nt  in  corrosion,  resistance 
of  the  steal  io.  oomp.vri. •.»;.»  r;yp;.  '..nioh  steels  is  also  achieved 

1.  lii'f  i*A  *  li.  V  V;  *•  ***•  '  h  • 


It  is  Vt'Ow'u  that  j'v:a  water  has  o.  denes sivai ing  effect  on  stainless 
steel,  hot  r.iekdl  inbib;  c*  this  deursuivai”  or.  cud  renders  the  steel's 
potential  more  posits  vu.  '.Che  beneficial  efface  of  copper  in  Increasing 
corrosive  resistance,  been  o  j  sens  sec.  hat  ore.  Its  effect  as  an  element 
raising  the.  fluidify  of  the  a  tool  should  also  be  mentioned ,  Due  to  the 

presence  of  1.2-1. $%  •  Cc  the  Ih.hliKD  atael  has  adequate  fluidity,  in  spite 

of  it:;  lev/  car  boa  content . 

V.'n .•  prop  c-san  .i. '.mi j.h..).*  sf.ee /  has  ... j.oi  j.c ervtieui  point:  Acp  ~ 
710°;  Ac • ,  •  i30w.  An-.  *•  200°. 

The  radure  o£*  ".noth  arms  1  niniv;togretioe  of  .-nisfcnitt  in  this  steel  is 
1  i.  j.us  irn  i  no  ny  tat  sc  cpucl  curve  appc-c, ,  .‘i  *.gv  vr.  .■  g .  .*> .  /.s  ■  ocn  rrom  the 

sketch,  there  v;n;:  no  die  integration  of  a;  n~ l  a.*.  i  t  «  wr.  I  J  o  coolia..  down  to 
700°.  Die  integral .on  begins  at  630°.  After  ••>  sec.  the  cmanr.r  of  dis- 
rut egr a t. ed  auscen/  to  amour,!, s  *.*/  x . v. .  .  x  .  iv.  r.icreases  t*v  *0/*. 
f . d '1 .1  c  i. *". •  . ..  .L  i.wo-  .i1  v .0  ei'.p.*  ..  ,o  r~ i . .  o-iJ^  c. a  ......  ....vi  ca  ..i»c'  v^ua.itrtp  *  .  .Sm 

*  at  byt  <)  t  v'Ci  Vv  .j  j  v.  a , .'  v"  ,  .  ■  v.  •  '0*.'  j  a  e  ...*.e  *.  , < . .  v  ■.. .  >  va  .tsochormic  cxposi..  t»> 

the  range  •  >,.  t'>o  ;.o  25C>:;  also  produce*  -*o  changes , 


With  abdif •  oral,  lovn-riag  of  temperafart ,  the  quantity  of  di.sintegrar.eo 
austenite  increases  ana  hero;;. os  42.7.  at  /.('u*',  7v4.  at  i50<-,»  and  iron  AO  to 
90Z  at  100°.. 

As  shown  by  measurements  made  on  a  ballistic  installation,  at  20° 
temperature  the  quantity  of  residual  .re.  stun  it  &  is  A);,.  Upon  cooling  to 
-70°,  no  residual  austenite  could  be  detected., 

A  study  of  the  effect  of  thermal  ts  ear. rent  on  the  mechanical,  properties 
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ru.-ts  v  \'j'  Coer .  v  r  out  or*  ::.p  v.-ci  ioeno  ea ..  out  from  trof  oil— shaped  stoclc 
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Wo  furs  i.sh  comparable,  data  on  m^.ch.va;  cal  properties  of  different  heats, 
recessed  at  the  came  temperature ,  we.  present  ns  an  example  data  relating  to 


two  boat.-..  Their  respective  diftiichl  compositions  are  listed  in  Table  21, 


-oo- 


Vij.  3.  Diagram  of  isothermal 
disintegration  of  austenite  ir.  the 
IKhl -:UD  steel.  Preliminary  heat¬ 
ing  to  1000°  (figures  cn  the  curves 
denote  pracent  of  disintegrated 
austenite') . 


a 

i  t. 

a -12 


Keenan i cal  proper tie-  of  the  steel  o: vrairai  after  thermal  treatment, 
r.i.-ttng  cf  temo  curing  from  J.000£  are  su'eseeuetf  tempering  at  temperatures 
ging  fro...  3tVi  to  750”,  are  mown  in  Fig,  ,  Upon  tempering  from  a  t  ea¬ 
st  nr  c  of  1050°,  the  !cy.J.  of  ...aanautcnl  properties  remained  virtually 
hanged.  Mi r restructure  cv  the  * JtlOJT'  tteel  in  a  thermally  untreated 
to  and  ir,.ihse:;uer.t  to  various  types  of  hoot,  treatment  is  shown  in  Fig. 
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in  order  ro  study  the  nature  of  structural  components ,  their  hardness 
ii uv* ed  witin  a  PKX— 3  apparatus,  tne  results  or  neasu.,e.uents  appe.xr  in 

fig.  13. 

ir.  a  cast,  thermal  ly  untreated  state,  the  structure  of  lKhl4ND  steel 
consists  of  X ina-acicular  martensite  with  areas  of  chr amour,  ferrite,  border* 
eri  by  carbides  of  chrome  around  their  perifery.  Existence  of  such  a-  struc¬ 
ture  insures  an  adequately  high  strength  and  low  plasticity  and  ductility, 
sn  that  the  indicators,  in  this  case,  amount  to:  cir*t  '■  --  80  kg/mm2; 
y  89  kg/mm2;  ••  «*  4%,  and  3j.  s  1.7  kgM/cm2. 
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Fig.  Microstructure  of  IXhlAXD  steel 

in  a  thermally  untreated  states  X  JOG. 


Fig.  6.  Microstructure  of  IKhlAND  steel 
after  tempering  from  1CCC0;  X  JCO. 


Fig.  7.  Microstructure  of  IKhlAXD  steel 
after  tempering  from  1QCC0  and  annealing  5^^  *  -  X  pCC. 
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Fig.  11.  Microstructure  of  lKh!4ND  steel  after 
tempering  from  1000°  and  annealing  680° ;  X  JCO. 


Fig.  12.  Microstructure  of  !Khl4ND  steel  after 
tempering  from  1000°  and  annealing  75^°  i  X  JCO. 


Fig.  13.  Effect  of  thermal  treatment 'process  on  the  mlcrohardheaa  of 
structural  components  of  iXhl4ND  steel:  I  -  martensite-sorbite: 

IZ  -  ferrite. 
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Annealing  at  600°  leads  to  a  further  increase  in  the  rate  of  trans¬ 
formation  of  martinaite  into  sorbite  and,  probably,  to  coagulation  of 
dispersed  copper  occlusions.  Hardness  of  ferrite  and  sorbite  decreaaes. 
The  yield  point  and  ultimate  tensile  strength  are  substantially  lowered. 
Elongation,  necking  down  and  impact  strength  values  grow  higher. 

After  annealing  at  680-700°  the  structure  consists  of  coagulated 
sorbite  and  isolated  grains  of  ferrite.  Sorbite  hardness  drops  down  to 
283  units.  The  lower  values  of  yield  point  and  tensile  strength,  highest 
necking  down,  elongation  and  impact  strength  also  develop  at  the  same 
time. 


Increase  in  the  annealing  temperature  to  750°,  that  is  to  40%  above 
point  Aci,  probably  leads  to  partial  formation  of  austenite  and  to  its 
subsequent  transformation  into  martensite  during  cooling.  Hardness,  yield 
point  and  ultimate  tensile  strength  all  increase.  Elongation,  necking 
down  and  impact  strength  values  decrease. 

In  addition  to  the  above  investigation  of  the  effects  of  annealing 
temperature  on  the  mechanical  properties  of  lKhl4ND  steel,  subsequent  to 
tempering,  its  mechanical  properties  were  checked  only  after  annealing, 
with  no  preliminary  tempering.  This  revealed  extremely  low  values  of  im¬ 
pact  strength,  elongation  and  necking  down  (a,  ^-=1  kgM/cm^;  4%). 

It  should  be  said  that  the  use  of  annealing  alone  cannot  be  recommended 
for  the  lKhl4ND  steel,  not  only  because  of  the  low  resulting  mechanical 
characteristics,  but  because  such  a  method  of  heat  treatment  does  not  pro¬ 
duce  a  maximum  transition  of  alloying  elements  into  the  solid  solution 
and  leads  to  an  inferior  corrosion  resistance,  compared  to  that  obtainable 
through  tempering  followed  by  annealing. 

During  the  Investigation  of  lKhl4ND  steel,  the  effect  of  cooling  rates 
of  tempering  and  annealing  on  its  mechanical  properties  were  also  ascer¬ 
tained.  The  types  of  heat  treatment  and  mechanical  properties  obtained 
with  different  rates  of  cooling  are  presented  in  Table  22. 

It  was  determined  that  the  mechanical  properties  do  not  differ  ma¬ 
terially  with  tempering  in  water  or  in  air.  A  reduction  in  plasticity  and 
in  impact  strength  occurs  with  additional  slowing  of  cooling  process  in 
tempering.  This  reduction  was  established  at  a  cooling  rate  of  70°  C/hr. 
With  slower  cooling  after  annealing,  the  steel  shows  no  tendency  to  develop 
annealing  brittleness. 

Because  it  is  possible  for  propeller  blades  to  be  above  water  during 
short  periods  of  time  (in  cruising  unloaded),  that  is,  exposed  to  the  atmos¬ 
phere  at  below  zero  temperatures  (in  northern  waters),  and  with  considera¬ 
tion  of  the  possibility  of  the  vessel  being  Icebound  in  winter,  tests  to 
determine  the  Impact  strength  to  lkhl4ND  steel  were  made  at  a  temperature  of 
-10°.  Ihe  te.-:s  were  made  with  specimens  cut  from  trefoil-shaped  stock, 

40  mm  in  crosj -section,  cast  of  metal  taken  from  production  smeltings 
weighing  3-4  7,  liquified  in  2  and  3-ton  basic  electric  arc  furnaces. 
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whole  frCa,3;  h**tS  Were  tested>  representing  met'J  used  in  casting 

Tnll ^  individual  blades.  Chemical  composition  of  chose  smeU- 

tion  for  meHKD^«jC  Pr0perUeS  the  of  the  specifica- 


melti^  a Tv7  2eS  Of  i”pact  strenSth  at  -10°  were  as  follows:  to  one 

In  ^ddfrL  8'^h“  1  ^  tU°  °tl,<!rS  3'7  ksM/“  a"d  ln  28  «h««.  over  7  kgM/cm2. 
ll.o  cheAei  t“*<,eraCura  of  critical  brittleness  (Tk)  of  the  steell  was 


1. 


It  was  established  that  the  temperat 

equals  -40°  (at  that  temperature  a. 

& 


ure  of  critical  brittlenesa 
;>  3  kgM/cmZ). 


Because  the  thickness  of  the  blades  and  the  hubs  of  l.-qe  propellers 

-heck^d  LaC6‘  ^CacheS  250  BC3’  the  mechanical  properties  of  \KhUND  were 
checked  on  specimens  cut  from  thick  ingots.  Slabs  15C.  175  and  250  mm  in 

250  V  WeU  *S  *  EOlded  bUd*  °f  Vfiriable  cross-section,  from  40  to 

*50  mm  thick,  were  cast  for  use  in  these  tests. 

shovn*ln  tluT  ““  V*l*“  °f  *Ub*  a“*  of  «*•  «. 


-  ■*}> 


The  choice  of  sha;  3  and  dimensions  of  castings  for  testing  was  made  in 
view  of  the  need  of  determining  the  effect  of  wall  thickness  of  a  casting 
on  the  mechanical  properties  of  the  steel.  In  making  the  molded  blade 
specimen,  an  effort  was  made  to  approximately  duplicate  the  cooling  condi¬ 
tions  prevailing  in  castings  of  propellers  in  the  molds  and  in  the  course 
of  their  heat  c-eatment.  To  this  end.  the  approximate  ratio  of  surface  of 
molded  blade  to  its  volume  duplicated  that  existing  in  the  basic  sections 
of  propellers  of  large  icebreakers. 

Specimens  for  the  physical  tests  were  cut  out  from  various  sections 
of  the  model  blade.  Patterns  for  cutting  out  specimens  from  thick  stock 
are  shown  in  Fig.  14-17. 

Specimen  stock  was  subjected  to  heat  treatment  along  schedules  pre¬ 
viously  established  for  lKhl4ND  steel:  tempering  from  1000°;  cooling  in 
air  and  annealing  at  680°,  fotlowec  by  cooling  in  air. 

For  slabs  150  cm  thick,  the  following  scheme  of  heat  treatment  was  used 

a)  tempering  in  air  frexe  1000°;  exposure  at  1000°  -  4  hours; 

b)  two  annealings  at  680°  with  cooling  in  air;  first  exposure  -  6 
hours,  and  the  second  one  -  10  hours. 

The  slab  was  cast  of  steel  with  the  following  chemical  composition 
(smelted  in  3-ton  basic  arc  electric  furnice):  0.0/4  C;  Q.32Z  Si;  Q.49X 
Mn;  14.401  Cr;  1  - 627.  M;  1.48X  Cu. 

The  results  of  the  physical  tests  are  shown  in  Table  24.  £9  seen  from 
the  data,  properties  of  steel  on  specimens  cut  free  the  150  x  150  x  200  tm 
slab  were  sufficiently  high  and  virtually  the  *aae  as  those  ootained  from 
specimens  made  of  standard,  tref oil-shaped  stock  of  40  sza  cross  section. 

Typically,  the  mechanical  properties  of  material  from  the  middle  of  a 
casting's  section  did  not  differ  from  those  determined  at  the  surface. 


Fig.  14.  Scheme  lor  cutting 
specimens  from  very  thick  stock. 
150  mm  slab  thickness 


Fig.  15.  Scheme  for  cutting 
specimens  from  very  thick  stock. 
250  mm  slab. 


Stock  shown  in  Fig.  15-17  was  cast  of  steel  with  the  following  compo¬ 
sition:  0.1%  C;  0.32%  Si;  0.44%  Mn;  14.89%  Cr;  1.41%  Ni;  1.53%  Cu 

Tempering,  as  in  the  case  of  the  preceeding  smelt,  was  carried  out  from 
1000°  with  subsequent  air  cooling  (exposure  at  1000°  was  4  hours).  Only  one 
annealing  was  used,  at  680°  held  for  10  hours,  followed  by  air  cooling. 

The  results  of  mechanical  tests  are  shown  in  Table  25.  From  this  data 
it  is  seen  that  the  yield  point  and  ultimate  tensile  strength  of  all  speci¬ 
mens,  both  the  ones  cut  from  slabs  and  from  the  model  blade,  met  the  require¬ 
ments  set  xor  trefoil-shaped  stock  of  40  mm  cross-section.  Exceptions  were 
th  ^.individual  deviations  typical  of  large  ingots.  In  all  cases  the  ulti¬ 
mate  tension  was  not  less  than  64-65  kg/mm^,  with  62  kg/mm^  *  the  normal 
value  for  this  steel,  while  the  yield  point  was  as  low  as  47-49  only  on  a 
few  specimens,  with  50  kg/mm^  being  normal. 

Elongation,  necking  down  and  the  impact  strength  values  of  individual 
specimens  of  250  mm  thickness  were  comparatively  low.  To  improve  plastic 
and  ductile  properties,  the  remainder  of  the  cast  stock  was  subjected  to  a 

in  Fig  ^18tandef9ment *  '^"e  pattern  for  these  specimens  is'  shown 


Figure  17.  Scheme  for  cutting 
specimens  from  the  model 
blade. 


Figure  16.  Scheme  for  cutting 
specimens  from  very  thick  stock. 
250  mm  slab  thickness. 
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Fig.  18.  Schemes  for  cutting  specimens  from  remnants  of 
slabs  250  mm  thick  after  a  repeated  heat  treatment. 


Fig.  19.  A  scheme  for  cutting  specimens  from  remnants  of 
slabs  250  mm  thick  after  a  repeated  heat  treatment. 
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A  specimen  cut  from  a  slab  250  x  250  mm  in  cross  section,  stamped  BA, 
/as  subjected  to  a  seonnd  annealing  at  660-700°  for  a  period  of  10  hours. 
Specimens  stamped  BKh  and  DKh  went  through  a  second  tempering  and  anneal¬ 
ing.  Their  mechanical  properties  after  this  treatment  are  shown  in  Table 
26. 


From  Table  26  it  is  seen  that  the  elongation,  necking  down  and  impact 
strength  indicators  have  substantially  improved  even  after  the  second  an¬ 
nealing  and  had  reached  the  standards  set  for  this  type  steel,  as  derived 
from  standard  stock  of  40  me;  thickness.  Tne  fact  that  a  second  annealing, 
without  preliminary  homogenization,  materially  improved  the  mechanical 
properties,  proves  that  the  originally  obtained  lower  values  are  independ¬ 
ent  of  the  nature  of  initial  crystalization. 

After  the  first  heat  treatment,  a  complete  carbide  network  was  ob¬ 
served  in  the  structure  along  the  borders  of  the  ferrite  grains  and  on  an 
appreciable  portion  of  carbides  within  these  groins. 

A  similar  structure  can  be  normally  found  in  specimens  having  low  in¬ 
dexes  of  impact  strength  and  plasticity.  An  improvement  in  these  properties 
can  La  achieved  by  resorting  to  repeat  annealing.  Typically,  the  first  150 
mm  thick  slab  tested  shewing  high  indexes  of  plasticity  and  impact  strength 
bad  been  annealed  twice. 


The  possibility  of  attaining  th  required  levels  of  impact  strength  and 
plasticity  through  the  use  of  a  second  annealing  at  680°,  without  a  second 
tempering,  was  established  through  considerable  practical  expe. ience  with 
heat  treatment  of  heats  smelted  in  2-,  3-,  5-,  and  10-ton  electric  arc 
furnaces. The  level  of  mechanical  properties  of  lKhl4ND  steel,  determined 
from  3-4  ton  production  heats  achieved  during  the  last  year  and  a  half  of  a 
plant's  operation  is  shown  in  Table  27. 

1.  Factors  producing  the  necessity  for  a  second  annealing,  and  the 

processes  in  taking  place,  in  its  course,  ax  e  discussed  in  more  detail 

in  Chapter  V. 

Corrosion  Resistance  of  lKhl4ND  Steel.  A  check  was  made  to  determine 
lKhlANS  steel's  resistance  to: 

a)  flowing  stream  corrosion; 

b)  corrosion  during  immersion  in  still  water,  specimens  isolated 
from  each  other; 

c)  corrosion  in  aperture  between  specimens  in  contact  with  each 
other,  immersed  in  still  water. 

Flowing  scream  corrosion  ceats  were  made  on  145  mm  diameter,  1.6-2  mm 
thick  disks  (Fig.  20),  installed  in  groups  of  3  on  a  vertical  spindle  device. 

The  specimens  were  rotated  at  1400  rrn  in  a  special  tank  filled  with 
synthetic  sea  water  of  a  composition  similar  to  that  of  the  Pacific  Ocean. 
Four  partitions  were  installed  in  the  tank,  to  reduce  the  motion  of  water 
caused  by  tne  rotation  of  che  disks.  Ebonite  sleeves  40  mm  high  were 
placed  on  the  spindle  to  separate  the  disks  from  each  other.  The  length 
of  the  test  (rotation)  of  samples  was  5C0  hours.-  To  test  the  effects  of 
welding  on  ccrrosional  stability  seme  of  the  disks  were  cut  from  previously 
welded  stock. 

Tests  of  corrosion  during  static  letter  si.  on  in  sea  water  were  made  on 
samples  25  ma  in  diameter  and  2,5  mm  thick. 

Tests  of  aperture  corrosion  were  also  made  on  specimens  having  d»25 
cm,  fastened  in  pairs  with  vinyl  chloride  insulated  wire.  The  gap  between 
specimens  was  formed  because  of  the  loose  fit  over  the  total  surface.  The 
samples  tested  consisted  both  of  IKhi4FD  steel  j.n  contact  with  each  other 
and  of  lKhl4ND  steel  samples  in  contact  with  more  highly  alloyed  stainless 
steel  and  with  other  materials  (IMtsZ'n  55-3-1  brass;  ebonite;  carbon  steel). 
Tne  duration  of  tests  ranged  from  3500  to  6000  hours. 

Results  of  tc-:  is  to  determine  flowing  water  corrosion  resistance  of 
lkhi4RD  steel  samples  tire  listed  in  T  ble  28  which,  for  comparison  purposes, 
also  gives  aims  lax  data  for  carbon  steel,  LMtsZh  55-3-1  brass -used  in  pro¬ 
pellers  and  for  2knI3  stainless  steel 

Results  of  tests  to  determine  aperture  corrosion  of  specimens -in  con¬ 
tact  end  of  corrosion  resistance  during  static  immersion,  oat  of  contact, 

-re  given  in  Tabic  2*1 . 
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Levels  of  mechanical  properties  of  Illhl-'ITD  stool  obtained  from  indus¬ 
trial  smeltings. 
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Teats  for  flv.  'ir.j  water  corrosion,  the  most  dangerous  one  for  pro¬ 
pellers,  d«.  -.or.s  truces  the  resistance  of  !Khl4ND  stainless  steel  in  sea 
water  to  be  23-1-10  ^ae.  higher  ch-n  that  of  carbon  steel,  especially 
noticeable  in  he*. to  containing  over  13*.  Cr  (numbers  I  and  III).  V. 
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Siaiiur  results  were  obtained  cr*  at^c  teens  tested  for  static  in* 
f-arsior».  la  all  cases  the  uncovered  surfaces  of  the  specimens  showed  no 
evidence  of  corrosion.  Covered  surfaces ,  . n  contact,  shoved  well  defined 
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Specimen  »  of  2Kh'13  steel  showed  visible  evidence  of  corrosive  damage, 
not  only  on  the  covered  surfaces  (contact  surfaces),  but  also  cn  the  open 
ones.  The  nature  of  the  damage  itself  was  noticeably  different:  specir 
mens  were  pitted  much  more  deeply  on  the  contact  faces.  The  depth  of 
pitting  reached  1.5  nim,  while  on  the  1  Kill  AND  specimens  it  did/ not  exceed 
0.08-.05  mm. 

Corrosion-fatigue  resistance  of  1  KhlAKD  steel.  In  the  course  of 
service,  propellers  are  exposed  to  the  concurrent  effects  of  corrosion- 
ally  active  sea  water  and  stress  reversals,  that  is,  they  operate  under 
corrosive  fatigue  conditions. 


Fig.  21:  Disk  specimen  of  carbon  steel  after  being  tested 
for  flowing  water  corrosion  during  500  hours. 

cf 

Due  to  this,  one  the  most  important  properties  of  material  used  in 
propellers  is  its  endurance  limit  (fatigue  limit.)  for  simultaneous  effects 
of  load  reversal  and  a  corrosive  medium  on  the  metal.  Today,  in  some  in¬ 
stances  of  designing  propellers  for  strength  (for  instance,,  in  designing 
VRSh),  the.  limit  of  endurance  of  the  steel  under  corrosive  conditions  is 
a  fundamental  design  consideration. 

The  limit  of  corrosive  endurance  is  considered  to  be  that  maximum 
stress  which  does  not  yet  produce  failure  due  to  the  effect  of  a  set  number 
of  load  cycles  in  a  given  corrosive  medium 

Figure  22  shows  the  resulting  curves  representing  corrosion-fatigue 
tests  made  by  TsNIIMF  associates  with  the  use  of  methods  that  they  had  de¬ 
veloped.  Tests  were  carried  out  on  specimens  having  d  ■  10  ram.  As  com¬ 
parisons,  the  curves  are  plotted  for  lKhlAND,  2Khl3N,  and  18DGS  steels. 
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l7ig.  22.  Results  of  com¬ 
parative  corrosion-fatigue 
tests  of  lKhl4ND,  2Xhl3H 
and  18DCS  steels. 

1  -  lKhl4ND  tested  in  air; 

2  -  lKhlAND  in  a  3%  solu¬ 

tion  of  NaCl; 

3  -  2KH13N  tested  in  air; 

4  -  2Nhl3N  in  a  3%  solution 

of  NaCl : 

5  -  1C  DGS  in  air ; 

6  -  IS  ZGS  in  a  3%  solution 

of  NaCl . 


Specimens  of  the  ?.Khi3N  and  lB~'rS  steels  were  cut  out  of  the  blades 
of  a  hydraulic  turbine,  while  the  I.\nl4ND  specimens ,  from  a  60  ma  thick 
ingot . 

As  3Ce;)  ffom  this  dam.  the  limit  of  corrosional  endurance  of  INhl4ND 
steel  curing  tests  based  on  10  cycles  is  25  kg/tsa2  in  air  and  16  kg/tam^ 
in  a  3/<,  solution  of  NaCl. .  The  2Khl3N  steel  tested  on  the  basis  of  10^ 
cycles  m  air  nett  an  endurance  limit  or  22  kg/mm-.  During  tests  in  a  3% 
NuCi  solution  and  an  increased  number  of  cycles,  the  limit  of  fatigue 
indicators  were  radically  lower  (no  endurance  base),  as  was  the  case 
wit;,  uiic  lb  i;oS  structural  steel ,  Probably  this  indicated  low  corro¬ 
sional  endurance  of  the  2Khl3N  specimens,  CU  4-  from  the  blades,  is 
attributable  not  only  to  its  composition,  but  to  the  specific  character 
of  i w .v  ct^seali  AT  C*i  tlon  in  large  castings. 

Endurance  of  i 'ihi4No’  steel  under  the  effects  of  cavitation.  In 
practice  there  are  known  cases  of  extremely  rapid  breakdown  of  pro-«'2lley8 
due  to  the  destructive  action  of  cavitation,  ^his  damage  can  be  averted 
chiefly  through  adoption  of  structural  measures  (change  in  the  shape  of 
the  propeller,  in  the  outline  of  the  vessel's  stern,  etc.),  however,  an 
improvement  in  the  propeller's  resistance  to  che  effects  of  cavitation 
c.iu  to  a  certain  intent  be  achieved  through  the  adoption  of  more  durable 

<1  t  1.  Cl  L  « 
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Many  investigators  have  studied  the  nature  of  cavitational  damage. 

The  most  thorough  exposition  of  this  problem  appears  in  L.  A.  Glickman's 
book  Corrosive-Mechanical  Strength  of  Metals?.  According  to  this  study, 
the  deterioration  results  from  the  mechanical  action  of  "hydraulic  im¬ 
pacts"  produced  by  the  closure  of  cavitational  bubbles  on  the  surface  of 
the  metal,  as  well  as  by  the  corrosional  process. 

It  is  considered  established  that  corrosion,  acting  in  combination 
with  cyclic  mechanical  influences,  causes  destruction  of  metals. 

The  extent  of  the  metal's  resistance  to  cavitational  effects  depends 
on  a  number  of  factors,  including  the  composition  of  the  metal.  Brasses, 
bronzes  and  stainless  steels,  especially  austenitic  ones,  are  much  more 
resistant  to  such  damage  than  cast  iron  and  carbon  steels.  Materials 
having  greater  hardness  and  strength  present  better  resistance  to  ef¬ 
fects  of  cavitation  at  equal  levels  of  corrosional  resistance. 

Endurance  tests  made  by  Prof.  L.  A.  Glickman  and  candidate  of  tech¬ 
nical  science  Y.  E.  Zobachev,  on  a  magnetostrictive  vibrator  demonstrated 
a  higher  resistance  of  lKhl4ND  steel  as  compared  to  carbon  steel  and 
LMtsZh  55-3-1  brass  (Table  30).  It  was  typical  of  lKhl4ND  steel  that, 
afcer  tempering  at  1000°  with  a  hardness  Ny  =  388,  it  had  a  considerably 
better  resistance  to  cavitational  damage  than  was  the  case  after  tempering 
and  annealing  at  a  hardness  Ny  *  217. 

Results  of  natural  tests  of  propellers  made,  of  lKhl4ND  steel.  The 
1KH14ND  stainless  steel  has  been  widely  used  during  the  last  few  years 
for  the  fabrication  of  normal  c*ass  propellers. 

Propellers  cast  of  this  type  of  steel  are  being  used  in  the  atomic- 
powered  icebreaker  LENIN,  ships  of  the  SLAVA  whaling  flotilla,  the 
diesel-electric  ships  OB  and  LENA,  which  participated  in  Antarctic  expe¬ 
ditions,  in  new  domestic-built  whaling  ships  and  in  a  number  of  over¬ 
hauled  ships  of  our  merchant  marine.  The  maximum  diameter  of  a  unit- 
cast  propeller  made  of  lKhl4ND  steel  was  5.2  M. 

Of  much  interest  are  the  results  of  inspections  of  propellers  made 
of  lKhl4ND  steel  for  use  on  500-hp  seagoing  tugs,  operating  in  the  Black, 
Baltic,  and  Barents  Seas.  The  propellers  were  examined  after  different 
lengths  of  service,  ranging  from  one  to  six  years. 

Operating  conditions  differed.  Some  of  the  tugs  cruised  in  ice- 
filled  waters  for  a  long  period  of  time.  A  few  of  the  propellers  showed 
evidence  of  impact  on  rocks;  there  were  dents  and  chips  along  the  edges 
of  the  blades.  However,  none  of  the  propeller  ,  including  theones  which 
have  been  in  service  for  six  years  at  the  time  of  the  inspection,  showed 
any  visible  evidence  of  corrosional  deterioration. 

I 

As  a  comparison,  the  propeller  of  the  same  type  of  tug,  made  of  25L 
carbon  steel  was  examined  at  the  same  time.  This  propeller  showed  cor¬ 
rosional  pitting  3-4  mm  deep,  after  only  some  seven  months  of  service  in 
the  Barents  Sea. 
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Tab  lc  >C. 


Comparative  resistance  to  cavitationul  coot  ruction  in  sea  v/ater 
carbon  stool ,  L&tsEh  55"5“b  brace  and  IXhlAh'D  stool. 
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i 

i 
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Similar  findings  were  made  during  inspection  of  assembled  propellers 
of  the  diesel-electric  ships  OB  and  LENA  after  cruising  one  and  three 
years  respectively  in  the  Antarctic. 

The  comparatively  high  sea  water  corrosion  resistance  of  propellers 
made  of  lKhlAND  steel,  together  with  the  beneficial  effects  of  its  com¬ 
position's  properties  can  to  a  large  extent  be  attributed  to  the  bene¬ 
ficial  action  of  the  protection  system  installed  in  the  vessels,  and  to 
the  protective  action  of  the  outlines  of  the  stern  portion  of  the  hull, 
built  of  structural  steels  whose  potential  is  much  lower  than  that  of 
1KL14ND  steel; 

Uses  of  1KL14ND  steel.  In  a  number  of  seas,  especially  during  pro 
tracted  inactive  periods,  there  is  a  formation  of  marine  growth  over  the 
submerged  parts  of  a  ship,  including  the  propellers.  Stainless  steel 
propellers  are  likewise  subject  to  this  type  of  growth.  Narrow  apertures 
(gaps)  form  between  the  layer  of  marine  growth  and  the  surfaces  of  the 
&  / 


blades.  Due  to  stagnation  of  sea  water  in  these  gaps,  and  the  lack  of 
free  access  of  cxygen  needed  for  the  maintenance  of  the  inhibiting 
layer  on  the  surface  of  the  stainless  steel,  there  arises  a  favorable 
medium  of  development  of  corrosive  processes.  As  a  result  of  aperture 
corrosion,  damage  in  the  form  of  pitted  areas,  or  individual  spots,  ap¬ 
pears  on  these  surfaces.  The  number  and  extent  of  these  blemishes  varies 
widely,  depending  upon  the  aperture  corrosion  tendency  of  the  material. 

In  steel  not  strongly  inclined  toward  aperture  corrison  the  damage 
may  be  insignificant,  but  in  steels  susceptible  to  such  corrosion  it  may 
be  of  very  significant  magnitude. 

Tests  indicate  that  machined  plates  (quality  of  machining  s/  v  6) 
of  lKhl4ND  steel,  continuously  immersed  in  the  Black  Sea  for  six  months 
were  covered  wi^h  calciferous  deposits  several  millimeters  thick.  After 
removal  of  the  deposits,  individual  pits  approximately  0.5  mm  deep  could 
be  observed  on  the  surfaces  of  the  plates.  This,  as  well  as  the  results 
of  the  laboratory  tests  described  above,  confirm  the  tendency  of  lKhl4ND 
steel  toward  aperture  corrosion. 

The  presence  of  such  individual  pits  on  the  surfaces  of  normal  class 
propellers  is  acceptable  and  does  not  materially  reduce  their  operational 
properties.  These  propellers  have  unfinished  surfaces  and,  in  accordance 
with  standing  specifications,  isolated  rough  spots  and  shallow  pits  of 
appreciable  dimensions  are  permitted  on  the  surfaces  of  such  blades. 

The  situation  is  different  in  the  case  of  certain  propellers  of 
the  highest  class,  the  surfaces  of  whose  blades  must  be  ground  or  polish¬ 
ed,  according  to  standard  specifications;  presence  of  corrosional  pits 
0. 5-1.0  mm  deep  on  such  surfaces  is  inadmissible. 

Because  of  the  possibility  of  an  extended  lay-over  of  ships,  the 
probability  of  formation  of  marine  growth  on  highest  class  propellers 
and  a  resultant  situation  favorable  to  aperture  corrosion  should  be  con  . 
sidered.  Apertural  corrosion  can  also  occur  in  the  clearances  between 
the  propeller  and  shaft  (if  the  latter  is  made  of  stainless  steel)  and' 
between  the  propeller  and  its  fairing.  Consequently,  the  fabrication 
of  highest  type  propellers  for  particularly  critical  service  conditions; 
preference  should  be  given  to  stainless  steels  having  a  better  apertural 
corrosion  resistance  than  that  of  lKhl4ND. 

It  should  be  noted  that  lKhl4ND  steel,  in  addition  to  being  suitable 
for  normal  class  propellers,  can  also  be  used  in  those  propellers  of  the 
highest  class  which  do  not  require  especially  high  standards  of  blade 
finish,  such  as  propellers  of  certain  merchant  and  service  vessels.  The 
probability  of  wider  utilization  of  !Khl4ND  steel  in  the  production  of 
other  propellers  of  the  highest  class  can  only  be  established  upon  the 
accumulation  of  more  practical  experience  vith  propellers  made  of  .this 
steel  on  high-speed  vessels. 


CHAPTER  IV 


DOMESTIC  STAINLESS  STEELS  USED  FOR  THE  PRODUCTION  OF  THE 
HIGHEST  CLASS  SHIPS'  PROPELLERS. 

Stainless  steel  of  high  durability  for  use  in  propellers  of  the 
highest  class  must  be  able  to  meed  the  following  basic  requirements: 

1)  have  a  yield  point  in  tension  and  compression  not  less  than 
(preferably  somewhat  higher  than)  those  of  high-strength  brass  (LAMtsZh 
67-5-2-2  type)  and  alloyed  aluminum  bronzes  for  use  in  propellers  (that 
is,  t  r-  25-30  kg/iam2),  and  at  the  same  time  have  adequate  plasticity 
and  toughness; 

2)  have  corrosion  resistance  in  still  and  in  .flowing  sea  water  not 
lower  than  that  of  brasses  and  bronzes  used  in  propellers; 

3)  have  a  minimum  tendency  toward  corrosional  pitting  of  the  blade 
and  hub  surfaces  of  propellers; 

4)  have  no  tendency  toward  intercrystalline  corrosion  or  corrosional 
cracking  under  propeller  service  conditions; 

5)  be  able  to  resist  cavitational  damage  better  than  the  brasses 
and  bronzes  used  in  propeller; 

6)  contain  no  significant  quantities  of  expensive  and  scarce  com¬ 
ponents  (nickel,  molibdenum,  etc.); 

7)  possess  good  casting  properties  (fluidity,  freedom  from  cracking, 
etc.),  permitting  casting  of  propellers  in  accordance  with  ordinary 
technical  procedures.  Mechanical  properties  and  corrosional  resistance 
must  be  obtainable  through  heat  treatment  net  requiring  cooling  subsequent 
to  tempering  in  liquid  mediums.  Should  permit  the  repair  of  casting  flaws 
by  normal  welding  procedures,  without  resorting  to  preheating; 

8)  must  permit  machining  of  propellers  with  the  use  of  available 
machine  tools  and  the  use  of  cutting  tools  made  of  materials  available 
to  the  industry. 

With  regard  to  corrosive  resistance,  the  above  requirements  are  also 
met  by  a  number  of  stainless  steels  listed  in  GOST  2176-57  for  castings 
of  high-alloy  steel  (Khl8N9TL,  Khl8N12K3TL,  Kh25N19C21,  etc.).  However, 
these  have  the  following  important  faults,  making  them  unsuitable  for  use 
in  propellers.  These  steels: 

a)  have  low  strength  characteristics;  guaranteed  yield  point  of  the 
Khl8N9TL  steel  is  20  kg/mm2  and  those  of  the  Khl8N12M3TL  and  Kh25N19C2L 
steels  22  and  24  kg/ran2  respectively; 

b)  they  contain  a  large  amount  of  nickel  (8-20%);  in  addition, 
KhlSN12M3TL  steel  has  3-4%  Mo. 
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Literature  meuticns  instances  3;  the  use  of  I<h25h*5  type  stainless 
steel  for  the  production  of  the  highest  class  propellers.  However,  this 
steel  has  low  flowability,  due  to  its  high  chrome  content,  which  compli¬ 
cates  production  due  to  the  required  addition  of  35-407.  ferrochrome  in 
the  course  of  casting. 

According  to  Y.  A.  Nehendzy,  Kh25N5  steel  is  brittle  in  untreated 
form,  due  to  separation  of  ^  -phases  and  carbides.  Experience  has  shown 
that  castings  made  of  this  steel  have  low  plasticity  and  ductility,  as 
well  as  comparatively  low  strength.  For  example,  steel  with  the  follow¬ 
ing  chemical  composition  was  smelted  in  a  3-ton  arc  furnace:  0.117.  C; 
1.807.  Si;  0.657.  Mn;  23-257.  Cr;  5.377.  Ni;  0.307.  Ti;  0.217.  V.  In  order  to 
obtain  the  optimum  mechanical  properties,  a  number  of  heat  treatments 
were  tried  out.  Results  of  mechanical  tests  after  various  types  of  heat 
treatment  (Table  31),  demonstrate  that  with  all  the  various  cycles  of 
tempering  in  air  and  in  water,  and  with  use  of  annealing,  the  impact 
strength  was  within  limits  of  1-2  kgM/cm^. 

From  available  information,  steel  of  the  25-5  type  is  also  not  used 
abroad  to  any  extent  in  the  fabrication  of  propellers. 
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GIXOMS- NICKEL- CUPROUS  STAINLESS  STEELS 
OKhl7K3G4D2T  and  0XhloX4D4T 


Structure  en  ’  Mechanical  Properties.  A  number  of  investigators  have 
rade  attempts  to  rind  the  stainless  steels  best  suited  for  use  in  highest 
class  propellers,  ones  having  a  minimum  tendency  toward  pitting  and 
ap-^rtural  corrosion  in  sea  voter. 


As  a  result  of  research  carried  ouc  by  ti 
with  Se.  candidate  A.  M.  i-.’eingar ten  anu  V.  X. 
ferritic  steel  has  been  developed,  designated 
merit  made  in  the  composition  of  uisnersionall 
with  an  increase  of  up  to  0.1"  in  carbon  cent 


e  authors  in  collaboration 
Xoupriar.ova,  a  new  austenitic- 
CXIil 7N3G41/2T,  and  an  adjust- 
reinforced  OKhl6N4DAT  steel 
at.1  The  chemical  composi¬ 


tion  and  mechanical  properties  or  these  steels  are  presented  in  Tables 
32  and  33. 


1.  Dr.  of  Sc.  L.  A.  Clickoan  and  Candidates  of  Sc.  Y.E.  Zobachev 
and  L.  N.  Souproun  and  Engr.  E.  N .  Kostrov  participated  in 
the  work. 

Steel  designated  OJC: 1 7N3G4D2T  is  of  the  austeno-f erriLic  type.  The 
amount  of  austenite  is  within  35-707.. 

In  a  cast  state,  with  no  heat  treatment,  the  nicrostruetuJ  .  of  this 
steel  consists  of  austenite,  ferrite  and  a  considerable  amount  of  carbides 
along  the  borders  of  the  ferritic  granules  (Fig.  23).  The  c-r  ides  become 
dissolved  upon  heating  to  1000-1050°  under  austenization  (F  >J.  24). 


u 

;  Steel  Designation 


opart ies;  at  least 


CKhl7X5G4D2T 


C 


Annealing  to  500°  produces  no  visible  changes  in  the  structure  of  the 
austenized  specimen.  Further  heating  to  550-600°  produces  a  considerable 
fall-out  of  carbides  around  the  ferrite  granules  (Fig.  25),  and  the  com-  * 

ponent  whose  nature  is  so-far  insufficiently  well  understood.  With  the 
raising  of  heat  treatment  temperature  to  800°  there  begins  a  partial  dis¬ 
solution  of  carbides  located  around  the  ferritic  granules  (Fig.  26). 

The  nature  of  the  change  in  mechanical  properties  obtained  as  a  re¬ 
sult  of  austenization  in  air  and  subsequent  drawing  of  the  tempered  steel 
is  shown  in  Table  34.  The  chemical  composition  of  the  steel,  smelted  in 
«■  an  inductive  furnace,  is  as  follows:  0.09%  C;  0.70%  Si;  3.80%  Mn;  17,72% 

Or;  2.66%  Ni;  2.40%  Cu;  0.18%  Ti. 

An  extensive  history  of  testing  CKhl 7N3G4D2T  steel  shows  that,  within 
the  limits  of  its  prescribed  chemical  composition,  sufficiently  stable 
mechanical  properties  are  obtained,  virtually  identical  to  those  appear¬ 
ing  in  Table  34.  There  is  evident  a  certain  improvement  in  the  mechanical 
properties  of  production  smeltings  made  in  electrical  furnaces,  compared 
r.o  those  made  in  the  laboratory,  using  inductance  furnaces. 
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Fig.  23:  Micros  truer  .  .  e  of 
OKhl7N3G4D2T  steal  in  a  cast 
state:  X  300 


rig,  24:  Microstructure  of 
0Khl7N3G4D2T  steel  after 
austenization  from  1000°; 

X  300. 
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Fig.  25:  Microstructure  of 
OKhl7N3G4D2T  steel  after 
austenization  from  1000°  & 
drawing  550-600°;  X  300. 


Fig.  26:  Microstructure  of 
OKhl7N3G4D2T  steel  after 
austenization  from  1000°  & 
drawing  800°;  X-300, 
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As  seen  from  Table  34,  change  in  mechanical  properties  due  to  heat 
treatment  fully  corresponds  to  the  structural  transformations  of  the 
steel.  Maximum  plastic  and  ductile  properties  are  shown  by  the  steel 
after  austenization  without  subsequent  annealing,  or  with  annealing  to 
500°;  at  that  time  the  structure  consists  of  austenite  and  ferrite.  No 
carbidic  separations  can  be  observed  alcng  the  edges  of  the  ferritic 
granu] es , 
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An  abrupt  increase  in  strength  p^onerties  ari  decline  in  plasticity 
and  ductility  takes  place  upon  annealing  from  500°,  when  considerable 
carbidic  separations  form  around  the  ferritic  granules;  ..he  hardness  in» 
creases  drastically  at  the  same  tine  (from  197-2C7  to  285-30’  Hg) . 

An  additional  increase  in  annealing  temperature  up  to  80i'°  produces 
a  partial  dissolution  of  carbides,  due  to  this  there  is  a  ceita-'.n  increase 
in  plasticity.  However,  their  complete  dissolution  (as  upon  heating  to 
1000-1050°)  does  not  take  place.  The  plasticity  and  ductility  remain  at 
a  low  level. 

A  repeated  austenization  with  heating  up  to  1020-1050°  produces  the 
dissolution  of  carbides  and  restores  the  plasticity  and  ductility. 
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A  C-shaped  curve  of  isothermal  transformation  of  austenite  during  the 
cooling  process  of  OKhl7N3G4D2T  steel  is  shown  in  fig.  27.  As  seen  from 
this  curve,  in  cooling  from  1000  to  6000°,  there  is  no  disintegration  of 
austenite  and  it  begins  only  at  550°.  At  that  temperature  the  amount  of 
disintegrated  austenite  reaches  30%,  then  it  remains  vietually  unchaged 
in  cooling  down  to  100°. 

The  mechanical  properties  of  this  steel  are  sufficiently  stable  after 
heat  treatment  consisting  of  austenization  in  air  from  1020-1050°.  This 
temperature  is  held  from  3  to  5-6  hours,  depending  upon  the  size  of  the 
propeller.  Mechanical  properties  of  runs  smelted  in  induct ion- type  100-kg 
furnace  are  listed  in  table  35;  of  those  smelted  in  2-3  ton  electric  arc 
furnace,  in  table  36,  while  the  level  of  mechanical  properties  of  a  large 
number  of  production  heats  from  a  0.5 -ton  furnace  are  in  table  37. 


austenite  of  0Khl7N3G4D2T  steel  (figures  on  the 
curves  represent  the  percent  of  disintegrated 
austenite) . 

Mechanical  properties  were  determined  on  specimens  cut  from  trefoil¬ 
shaped  test  bars  40  mm  thick,  as  specified  by  GOST  for  formed  steel  cast¬ 
ings.  Test  stock  slabs  150  and  100  mm  thick  were  case  for  use -in  determi¬ 
ning  mechanical  properties  of  large  cross-sections,  specimens  for  mechani¬ 
cal  tests  were  cut  directly  from  them.  The  shapes  and  dimensions  of  slabs 
and  locations  of  specimens'  cut-outs  were  similar  to  those  shown  in  fig.  14 

Heat  treatment  of  the  slabs  consisted  of  austenization  in  air  from 
1020-1050°.  Because  of  the  initial  austenization  was  accomplished  at  a 
short  time- lab  (about  1.5  h),  a  second  austenization  was  carried  out  and 
held  at  1020-1050°  for  5  hours  was  carried  on. 
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Mechanical  properties  were  checked  along  the  entire  section  in  order 
to  determine  the  tempering  of  this  steel  and  thw  effects  of  initial 
crystalization  in  the  various  areas  of  the  slab.  Specimens  1  and  10  were 
taken  from  the  edges  of  the  slab  and  5  and  6  fiom  the  center.  The  re¬ 
mainder  were  located  between  the  edges  and  the  center.  The  results  ob¬ 
tained  are  presented  in  Table  38. 

Comparing  the  results  obtained  from  tests  of  specimens  cut  from  tre¬ 
foil  and  from  large-section  slabs,  it  can  be  noted  that  they  do  not  differ 
much. 

Assuring  adequate  stability  of  mechanical  properties  for  given  inter¬ 
vals  of  chemical  composition,  this  steel's  properties  change  materially 
with  deviations,  especially  in  chrome  content.  An  increase  in  chrome  con¬ 
tent  over  18.5-19%  normally  lowers  the  impact  strength.  There  .were  a 
number  of  heats  in  which,  with  increase  in  Chrome  above  19%,  the  impact 
strength  fell  to  -3  kgM/cm2. 

A  decrease  in  both  silicon  and  chrome  content  likewise  h?s  an  adverse 
effect.  For  instance,  Heat  No.  1364,  made  in  a  3-ton  arc  furnace,  had 
0.41%  Si  instead  of  the  specified  minimum  of  0.70  -  0.60%.  The  impact 
strength  was  3.5  kgM/cm2  and  a  repeated  heat  treatment  resulted  in  no  im¬ 
provement.  Steel  of  Heat  No.  114,  containing  16.2%  Cr  and  0.50%  Si  also 
had  an  inadequate  impact  strength  (a^ 3.5  kgm/cm2)  at  high  yield  point 
values. 
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Fig.  28:  Structural  diagram  of  f erro-chrome-nickel 
steels  (according  to  Mauer  and  Sherrer). 


Decline  of  impact  strength  with  an  increase  in  chrome  content  above 
19%,  or  with  a  drop  in  manganese  content  down  to  2%,  is  probably  attribu¬ 
table  to  the  reduction  in  the  quantity  of  austenite.  But  in  ♦"he  case  of 
simultaneous  reduction  of  chrome  to  16%  and  of  silicon  to  0.5%,  in  accord¬ 
ance  with  Mauer' s  structural  diagram  (Fig.  28),  the  steel  changes  from 
austenitic-ferritic  to  austenitic-martensitic-ferritic.  It  is  evidently 
this  formation  of  martensite  which  causes  a  decline  in  impact  strength. 


A.  1 
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Because  of  the  above,  maintenance  of  limits  of  chemical  composition 
analysis  is  prerequisite  to  the  attainment  of  required  mechanical  proper¬ 
ties.  Wide  limits  of  the  specified  chemical  composition  with  relation  to 
silicon,  manganese  and  chrome  greatly  simplify  the  problem.  As  to  nickel 
and  copper,  meeting  the  specified  limits  (2. 6-3. 2%  Ni;  2.0-3.07.  Cu) 
usually  produces  no  difficulties,  since  these  elements  virtually  do  not 
burn  out  in  the  process  of  smelting. 

0Khl7N3G4D2T  steel,  due  to  a  high  content  of  manganese  (3.2-4. 2%) 
silicon  (up  to  1.6%)  and  copper  (up  to  3%),  in  the  presence  of  chrome  in 
the  amount  of  16.5-18.5%,  has  a  flowability  considerably  higher  than  that 
of  IXhlSNST  steel,  and  especially  of  Kh25N5  steel.  Experience  has  demon¬ 
strated  that,  with  a  loose  fit  of  the  upper  and  lower  half-molds,  overflows 
of  considerable  length  and  of  1-2  mm  thickness  can  be  formed  along  the 
''seam,"  clearly  demonstrating  the  actual  high  flowability. 

A  substantial  number  of  highest  class  proepllers,  with  diameters 
ranging  from  700  to  2600  mm  and  cast  weights  from  150  up  to  4500  kg,  have 
been  cast  in  0Khl7N3G4D2T  steel,  fheir  service  history  over  a  period  of 
several  years  has  shown  that  this  steel  possesses  a  number  of  advantages, 
as  compared  with  brass  (especially  over  LMtsZh  55-3-1  brass). 

For  example,  on  a  slip  in  which  brass  propellers  deteriorated  rapidly 
due  to  dezincing,  CKhl7N3G4D2T  stainless  steel  ones  did  not  deteriorate. 

One  of  the  ships  was  used  for  testing  comparative  corrosion  resistance  of 
propellers  made  of  various  steels,  under  severe  service  conditions.  To 
this  end,  in  replacing  propellers,  one  lKhl8N9T  and  one  OKhl7N3G4D2T  steel 
propellers  were  installed  simultaneously.  Condition  of  the  blade  surfaces 
of  both  propellers  was  found  to  be  similar  after  a  year-and-a-half  of 
service.  This  test  carried  out  under  natural  operating  conditions  con¬ 
firmed  results  of  laboratory  experiments,  thus  it  follows  that  OKhl7N3G4i)?T 
steel,  with  approximately  6%  less  nickel  than, XKhlSN9T  steel,  also  posses¬ 
ses  sufficient  resistance  to  corrosion  in  sea  water.  (It  should  be  noted 
that,  to  a  large  extent,  these  propellers  were  shielded  by  protection  de¬ 
vices  installed  in  the  r'essel,  as  well  as  by  the  hull  itself). 

However,  for  a  number  of  highly-stressed  highest  class  propellers  the 
strength  provided  by  OKhl7N3G4D2T  3teel  (  'j  t  ~='-3Q  kg/nsc^)  is  inadequate. 

A  highly  corrosion-resistant  stainless  steel  with  ,--f~  50  kg/mm^  is 

required  for  the  production  of  such  propellers.  Dispersicnally  strength¬ 
ened  (interaetallic)  high-strengtis  and  highly  durable  stainless  steels, 
which  have  recently  attained  wide  usage  abroad,  could  be  used  for  such 
purposes  in  this  country.  There  are  known  chroue-nickel  stainless  steels, 
additionally  alloyed  with  copper,  aluminum,  molibdeuum.  vanadium  and  other 
components . 

Based  on  requirements  for  the  highest  technological  properties  aDd  a 
maximum  economy  in  scarce  components,  0Khl6H41)4T  steel  should  be  recom¬ 
mended  .  This  steel  is  the  only  cue  diapers  tonally  strengthened  and  has  a 
^  r>:  60  kg/sm?;  it  can  be  used  for  both  the  fabrication  c-t  highest 

cla3s  propellers  and  for  normal  class  ones,  subject  to  special  loadings. 
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There  la  publlahad  data  relative  to  stainless  steel,  close  In  compo¬ 
sition  to  OKhl6N4D4T  steel,  with  an  extremely  low  carbon  content  (not 
over  0.07%).  Actually,  production  of  steel  with  such  a  low  carbon  con¬ 
tent  Is  very  difficult.  0Khl6N4D4T  steel,  containing  up  to  0.10%  C  Is 
much  simpler  to  produce. 


In  order  to  frelect  the  optimum  composition  with  a  greater  amount  of 
carbon,  tests  were  made  to  determine  the  affects  of:  manganese  (from  0.6 
to  3%);  chrome  (from  13-20%)  and  silicon  (from  0.2  to  1.5%).  Variation 
in  the  manganese  content  was  made  to  establish  the  possibility  of  a  maxi¬ 
mum  decrease  of  nickel  content.  The  effects  of  varying  the  chrome  and 
silicon  contents  were  checked  to  insure  attainment  of  optimal  mechanical 
properties. 

.  * 

It  was  found  that  an  Increase  in  chrome  content  above  17.5%  greatly 
Increases  the  amount  of  ferrite.  The  structure  becomes  austenitic-ferritic 
instead  of  martensitic,  leading  to  a  radical  drop  of  strength  characteris¬ 
tics.  Of  significance  are  the  mechanical  properties  (obtained  as  a  result 
of  tempering  in  air)  of  three  smeltings,  differing  solely  in  their  chrome 
content.  '.Compositions  of  ^hese  steels  and  their  mechanical  proertlea  are 
shown  in  Table  39. 


effect  of  chrome  on  siechcv.ical  properties. 


Chenicel  co.T-ogitljn,  fl  '  Kechar.icnl '  pro ;.crt  ice  j 
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Substitution  of  manganese  in  place  of  nickel  gave  no  positive  results. 
Tm  tit  cacrse  ef  tki*  rsturs,  Iz  su  facad  z,.uz  rLlizjr.  cac zjcz.  ix 
of  0.4%  has  as  adverse  effect  am  the  isgtact  strength  (according  to  published 
data,  the  silicon  content  was  allowed  to  reach  1%).  With  en  Si  content 
0. 7-0.9%,  usualv  sjt-_^4.5  kgm/cm^,  with  most  of  the  specimens  showing 
n  — A  kgm/ca*.  With  e  silicon  content  of  O.A-C.5%,  a^  -  4. 5-5. 5  kgm/ern2, 
while  individual  specimens  had  sn  -  6  kg*/ cm2.  In  six  bests,  made  in 
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a  100  kg  capacity  inductive  furnace,  90  of  the  94  specimens  tested  had  a 
yield  point  (J"t^2i65  kg/mn^  *t  the  above  mentioned  impact  strength  and 
only  4  of  them  had  59.6-64.9  kg/tnn^;  93  specimens  had  y  ^ 

kg/mm^  and  only  one  had  a  below  that  level. 

Change  in  mechanical  properties  at  different  annealing  temperatures 
in  the  course  of  dlsperslonal  hardening  process  can  be  traced  from  the  re¬ 
sults  of  mechanical  tests  (Table  40)  of  specimens  of  heat  having  the  fol¬ 
lowing  chemical  composition:  0.081  C;  0.91%  Si;  1.25%  Mn;  15.9  Cr; 
3.95%  Ni;  4.25%  Cu;  0.14%  Ti. 


Effect  of  annealing  on  the  mechanical  properties  of  CKhl6li4L^T  stc.l. 


Heat  treatment 

process 

Mechanical 

- : - 1 
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1 

H  II 
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09.C 
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•*> 

C.9 

;  98.9 

110.0 

■ 

0.9 

■  « 

550°-6  hrs. 

79.5 

97.8 

14.5 

4.4 

78.5 

93. 5 

15.5 

4.1 

1 

■  • 

600°-6  hrs. 

71.6 

96.1 

14.5 

*  a 

?c.p 

$6.1 

14.5 

4.2 
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As  a  result  of  dlsperslonsl  hardening,  with  an  time a ling  temperature 
of  500°,  the  strength  characteristics  attain  their  maximum  values  and  Im¬ 
pact  toughness  decreases.  With  a  rise  in  annealing  temperature  to  550°, 
the  process  of  coagulation  of  the  dispersed  phase  begins.  Due  to  this  the 
•trength  characteristics  decli.ie  sharply  while  plasticity  pnd  ductility 
Increase. 

Critical  points  have  bsen  determined  for  OKhl6K4D4T  steels:  Acj  -  600°; 
Xc3  -  795°.  Structure  of  this  steel  after  tempering  is  shewn  in  Fig.  29 
and  after  annealing  in  the  interval  580-620°,  in  Fig.  30. 


The  mechanical  properties  of  OKhl6N4D4T  steel  were  checked  both  on 
specimens  cut  out  of  trefoil-shaped  bars  with  40  mm  cross-section  and  from 
those  taken  from  large-section  slabs.  Slabs  100  and  150  mm  thick  and  a 
model  blade  of  varying  cross-section,  from  40  to  250  on  thick  were  cast 
for  this  purpose.  The  shapes  and  dimensions  of  these  stocks,  as  veil  as 
the  locations  at  which  the  test  specimens  vere  cut  o  t,  are  similar  to 
those  shovn  in  fig.  14-16. 

Mechanical  properties  obtained  by  testing  specimens  maae  trom  trefoil- 
shaped  stock,  poured  from  a  production  heat  of  3.5  tons,  appear  in  table 
41.  From  this  data  it  is  seen  that  the  figures  for  elongation,  reduction 
of  section  and  impact  strength  are  somewhat  higher  after  two  annealings. 

The  general  level  of  properties  of  steel  smelted  in  a  3-ton  electric 
arc  furnat  was  higher  than  that  produced  in  a  100-kg  inductive  furnace. 

Properties  obtained  by  testing  specimens  cut  out  of  large  sections, 
after  tempering  and  one  anuealing  per  schedule  adopted  for  specimen  No.  1, 
table  41,  are  shown  in  table  42.  As  seen  from  this  data,  extremely  low 
values  for  elongation  and  reduction  of  section  take  place  in  sections  100 
and  150  mm  thick.  In  order  to  Improve  these  characteristics,  the  effect 
of  two  temperings  and  two  annealings  was  carried  out. 

The  mechanical  properties  obtained  from  100,  150  and  250  mm  sections 
after  one  tempering  and  two  annealings  and  after  two  temperings  and  two 
annealings  are  shown  in  table  43. 

An  analysis  of  mechanical  properties  tests  of  0Khl6N4D4T  steel  leads 
to  the  following  conclusions: 

1)  the  following  mechanical  properties  are  obtained  from  tests  of 

specimens  cut  out  of  trefoil-shaped  stock,  after  one  tempering  in  air  from 
1040  to  1070°  and  annealing  at  600-620°:  1^62  kg/nm*;  (j  „  85  kg/- 

mm 12X;  35X;  3  kgm/cm*.  ‘'The  elongation,  reduction  of 

section  and  Impact  strength  figures  became  somewhat  higher  after  a  second 
annealing; 

* 

2)  on  specimens  taken  from  100  and  150  sm  thick  alab  sections,  after 

one  tesqperlng  in  air  from  1040-1070°  and  one  annealing  at  600-620°,  low 
values  of  elongatioo  ( tf  ■  4-8X),  reduction  of  section  4-13. 5X), 

and  impact  strength  (a^  ■  2. 1-5. 9  kgn/cm?)  are  obtained.  The  use  of  a 
second  annealing  improves  these  properties  appreciably.  Even  for  a  250  mm 
section  the  Impact  strength  reaches  3. 0-6. 2  kgm/cm^.  With  two  temperings 
and  one  annealing,  elongation  and  isq>act  strength  values  for  100  and  150 
am  sections  are  low,  but  they  Increase  substantially  after  a  second  an¬ 
nealing  (cf^sll.4  -  14. OX;  ak-=:  3.0-5.4  kgw/ern1 2). 
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.Fig.  29:  Micro* tructur*  of  0Xhl6M/4D4T  steel  after 
tempering  followed  by  air  cooling  fron  1050°;  X  300. 


Fig.  30:  Micro* true ture  of  0Khl6S4D4T  steel  after 
tendering  moA  sazneal in*  ax  5BO-*20°  tvpcratnre;  X  300. 


Mechanical  properties 
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Table  42. 

0 

Mechanical  properties  of  GXhl6N4D4'T  stocl  as  deterisir.ed  in  large  sections 


af*cer  one  tempering  and  one  annealing 


r 

l  Locations 

Mechanical  Properties 
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Heehanical  properties  of  CKhl 6E4o4T 


in  iar;'-  cross-sect ions  Under 


various  regimes  of  he  a*,  treatment . 
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rhe  above  data  waa  verified  on  a  second  production  heat  Th* 

one^d^V^1?8  fhu  *tudy  °f  Production  heats  were  similar  to  those 

stlhn?ferm^n!w  labo^atory  studies.  This  confirmee  the  completive 
stability  of  this  steel’s  mechanical  properties.  P 

Corrosion  resistance,  resistance  to  the  effects  of  cavitation  and 
corrosion  fatigue  resistance  of  OKhl7N3G4D2T  and  of  QKhl6N4D4T  steels. 

n.  Erosion  resistance  of  the  above  steels  was  checked  by  the  same  meth* 
ods  that  were  used  in  the  case  of  lKhl4ND  steel.  The  results  of  the.-  th 
tests  are  listed  in  table  44.  For  comparison  purposes"  daU  reUti^  to' 
25L  carbon  steel, SKhL-4  structural  steel,  stainless  steels  lKhl4ND^Khl3, 
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0KH18N9T  and  of  brasses  are  afro  tabulate  .  From  this  table  it  is  seen 
that  resistance  to  contact  corrosion  of  uKhl7N3G4D2T  and  0Khi6N4D4T 

steals  it  higher  than  those  of  brass  anti/2Khl3  stainless  steels. 

iKhl4ND 

Samples  of  OKhl7N3G4D2T  and  0Khl6N4D4T  steels  had  insignficant  weight 
losses  (same  as  all  stainless  steels)  and,  most  important,  only  slight 
pitting;  actually  they  performed  in  the  same  manner  as  IKhlSNST  steel 
ones. 

But  samples  of  IKhlAND  and  especially  of  2Khl3  steel  showed  heavy 
local  corrosional  damage,  with  a  relatively  small  overall  loss  of  weight. 

For  Instance,  the  depth  of  some  corrosional  pitting  in  2Khl3  steel  reached 
1.5  mm.  Tests  to  determine  stream  flow  corrosion  and  that  resulting  from 
immersion  in  still  water,  without  contact,  showed  small  weight  losses  (less 
than  those  of  LMtsZh  55  -3-1  brasses)  and  a  total  absence  of  pitting  on  the 
exposed  surfaces . 

Resistance  of  OKhl7N3G4D2T  and  OKhl6N4DT  steels  to  the  effects  of 
cavxtation  was  checked,  as  for  lKhl4ND  steel,  on  a  magnetostrlctional 
vibrator.  The  results  are  shown  in  table  45. 

Comparing  the  results  of  these  tests  with  corresponding  data  relating 
to  brass  and  lKhl4ND  stainless  steel  (after  tempering  and  annealing)  shown 
in  table  29,  it  can  be  stated  tht  0Khl7N3G4D2T  and  OKhl6N4D4T  steels  have 
a  much  higher  resistance,  especially  In  comparison  to  LMtsZh  55-3-1  brass. 

Results  of  corrosional  fatigue  resistance  tests  of  stainless  steels 
are  presented  in  graphic  form  (fig.  31).  These  tests  have  shown  that  the 
greatest  corrosional  endurance  in  a  3%  solution  of  NaCl  is  that  of  the 
OXhl7N3G4D2T  steel  (29  kg/mo^).  Under  the  same  conditions  OKhl6N4D4T 
steel's  limit  of  endurance  is  18,  and  that  of  lKhl4ND  -  16  kg/mm^. 

Results  of  performance  tests  of  propellers  made  of  OKhl;7N3G4D2T  steel. 
Propellers  made  of  this  steel  have  been  serving  in  vessels  since  1956. 
Inspections  of  these  propellers  were  made  after  1-3.5  years  of  cruising  in 
the  Black  and  Barents  Seas. 

* 

During  this  period  there  was  a  recorded  case  of  one  of  the  propellers 
striking  a  floating  log.  Due  to  the  relatively  high  strength  and  tough¬ 
ness  of  the  material,  the  edges  of  the  blades,  though  deformed  by  the  Impact, 
did  not  break;  the  damaged  propeller  was  straightened  out  and  put  back  into 
service. 

All  propellers  of  OKhl7N3G4D2T  steel  in  service  are  of  the  highest 
class  category  and  were  formerly  made  of  brass.  None  of  the  propellers 
examined  showed  any  trace  of  corrosional  or  cavltational  uamage,  while  at 
the  same  time,  a  number  of  similar  propellers  made  of  LMtsZh  55»3-l  brass 
had  to  be  taken  out  of  service  after  a  short  period  of  time  due  to  dezinc- 
ing  and  physical  damage  sustained  as  a  result  of  the  low-strength  charac¬ 
teristics  of  the  brass i. 
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CHAPTER  V 

TECHNOLOGICAL, FEATURES  OF  CASTING  PROPELLERS  IN  STAINLESS  STEELS. 


The  techniques  of  casting  propellers  in  stainless  steel  basically 
differ  very  little  from  the  familiar  techniques  of  molding  and  casting 
used  in  the  production  of  propellers  made  of  other  metals,  covered  in 
sufficient  detail  in  technical  literature  (for  instance,  (16)).  Conse¬ 
quently,  only  special  features  of  casting  propellers  of  stainless  steel 
vill  be  discussed  below. 

Molding  Materials.  Completed  laboratory  research  and  practical  ex¬ 
perience  in  casting  propellers  of  stainless  steel  have  shown  the  chromo- 
magnetitlc  mix  to  be  the  best  fettling  in  the  preparation  of  molds. 

Acid  molding  materials  (quartz  sand),  or  semi-acid  ones  (chamotte) 
cause  the  formation  of  a  chemical  crust  on  the  surface  of  the  castings. 
Crust  also  forms  on  the  surfaces  of  massive  castings  of  stainless  steel 
produced  by  the  precise  casting  method  utilizing  melting  models.  Covers 
for  the  molds  were  made  of  ground  quarts  and  ethyl  silicate.  It  is  known 
that  such  covering  is  especially  strong  and  forms  an  even,  smooth  surface, 
one  that  is  not  eroded  by  the  metal  and  which  keeps  it  from  penetrating 
the  pores  of  the  mold.  Therefore  it  can  be  stated  that,  in  this  case. 
Incrustation  on  the  surfaces  of  the  casting  were  of  chemical,  rather  than 
mechanical  nature. 

Use  of  other  basic  materials/  particularly  that  of  magnesite,  gave 
no  positive  results. 

To  secure  a  cleaner  surface,  it  is  recommended  that  the  chromomagne- 
altlc  molds  be  coated  with  titanium  oxide  paint.  Above  all,  the  use  of 
this  paint  must  be  recommended  for  covering  the  cores  of  propeller  hubs, 
in  cases  where  metallic  pipes  are  used  as  cores. 

Sometimes,  due  to  'lack  of  chromomagnesite  at  the  foundries,  quartz 
sand  is  employed  and  such  molds  should  also  be  covered  with  tltaneum 
paint.  This  tends  to  somewhat  Insulate  the  stainless  steel  from  acid 
molding  materials  and  reduces  the  probability  of  low-melting  oxides  being 
deposited  along  the  metal-swld  demarkatlcm.  However,  coating  with  paint 
does  not  Insulate  the  mold  completely  and  the  cleanliness  of  the  castings' 
surfaces  is  inferior  to  tnat  obtained  with  the  use  of  chromomagnesltic 
mixes. 

At  foundries  employed  in  casting  stainless  steel  parts,  to  save  on 
chromomagneslte,  molds  made  of  quartz  sand  are  lined  with  chromomagnesltic 
paste  of  sour  cream  consistency.  This  method  has  so  far  not  been  used  in 
the  manufacture  of  propellers. 

Table  47  lists  the  consistencies  of  chromamagnesitic  pastes  and  of. 
paint  used  in  casting  stainless  steel  propellers. 
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The  selection  of  binder  (cement  or  watar  glass)  is  governed  purely  by 
practical  considerations.  The  advantage  o 2  water  glass  over  cement  is 
that  molds  made  of  a  mixture  based  on  water  glass  harden  much  faster,  when 
blown  through  witl\  carbon  dioxide.  Cleanness  of  the  casting's  surfaces 
is  not  affected  by  the  type  of  binder  chosen  (provided  the  binders  satisfy 
the  technical  requirements). 

There  existed  an  erroneous  belief  that  use  of  cement-based  mixes  in 
some  cases  produces  gas  pits  on  the  surfaces  of  castings.  Long-term  ex¬ 
perience  of  one  of  our  foundries  indicates  that  use  of  cement  results  in 
an  absence  of  gas  pitting  and  furnishes  the  required  quality  of  surface. 


Table  47. 


Composition  and  properties  of  chrocomagncsitic  wastes  and  paint 
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Raw  materials  (composition 

- —  — — - - - t 

1 

Physical-mechanical  prpertics  •' 

in  parts  by  weight) 

• 

1  Permeability 

Moisture, 

j  to  gas. 

L 

1 

Raw 

' compressive 
strength  ' 
'*•?■■/ cm  •  '■ 

i 

» 

Pasto  or.  a  base  of  water  glass 

Fowdered  chroaocagnesite  -  100; 
water  glass  (spe.grav. 1.48-1. 52 
codule  2. 1-2. 2)*  -  6.5  7.5; 

water  to  required  moistness... 

. 

9  ...  -  — - 

5.C-6.5 

1 

i 

2? 

i 

i 

o.ie-c.jc 

Paste  jon  a  cement  base 

9 

povdorcd  chrocoragnesite  -  100; 
ceccr.t  (mark  4OO-5OO)  -  I5; 
water  to  required  coistness... 

r 

* 

7.O-8. c 

25 

0.25-0.55 

Paint 

I 

[  Titanium  oxide**  and  waterglasa 
1  diluted  in  water  (255b  water 
j  glass  to  755»  water) . . 

L_  • 

r 

9 

i 

a. 

•  In  using  water  glass  with  a  module  above  2.2,  a  10£  solution 
of  ICaCH  should  be  introduced  for  its  reduction,  in  an  amount  which 
produces  a  module  of  2. 1-2.2  . 

•*  Titanium  oxide  is  added  in  the  amount  which  produces  a  paint 

j  iit&lUU -i  A* 

i  cf  1.7-1. 6  specific  gravity. 


-85 


Chromomagnesitlc  powdery  is  usually  oh;  .lined  by  grinding  tailings  of 
chroaomagnesltlc  brick.  The  brick  or  powder  are  roasted  at  temperatures 
above  900°.  If  stored  for  a  long  time,  these  materials  should  receive  a 
second  roasting. 

Depending  upon  the  standard  technique  for  the  preparation  of  molds, 
various  requirements  are  applied  relative  to  the  size  of  grain  of  the 
chromomagnesitlc  powder.  In  preparing  a  paste  based  on  water  glass  and 
blowing  the  mold  out  with  carbon  dioxide  gas,  coarse-ground  powder  gives 
the  best  results,  furnishing  the  required  gas  permeability  of  the  mold, 
thus  insuring  good  penetration  of  the  carbon  dioxide  gas.  When  the 
smoothest  possible  surface  is  required,  a  finer  grind  should  be  used. 

Ordinarily,  all  material  passing  a  1.5  mm  mesh  sieve  is  used  in  the 
preparation  of  the  molding  compound.  Sometimes  an  even  finer  grind  is 
used.  Recent  experience  has  demonstrated  that  a  much  finer  surface  of 
castings  can  be  produced  with  use  of  chromomagnesite  passed  through  a 
sieve  with  0.5-0. 8  mm  openings. 

Method  employed  in  molding  one-piece  propellers  and  individual  blades. 
Fabrication  of  forms  for  one  piece  propellers  and  for  individual  blades, 
cast  in  stainless  steel,  is  accomplished  in  the  same  manner  as  for  similar 
castings  made  of  other  metals.  • 

The  following  methods  of  preparation  of  forms  for  stainless  steel  one- 
piece  propellers  are  currently  most  commonly  used:  sweep  molding;  core 
box  molding;  from  a  complete  pattern;  from  an  adjustable  blade  pattern 
(this  pattern  consists  of  only  one  blade  and  the  adjacent  sector  of  the 
hub).  Casting  from  meltable  patterns  and  into  skin  forms  is  so  far  only 
in  the  development  stage  and  has  not  been  employed  in  actual  production 
of  stainless  steel  propellers.  .... 

Forma  for  casting  individual  blades  of  sectionalized  propellers  are 
ordinarily  molded  on  a  clean  pattern  or  in  core  boxes. 

It  should  be  noted  that  the  method  of  sweep  molding,  in  spite  of  its  . 
improvement  during  the  last  few  years,  still  foils  to  produce  castings 
with  dimensional  tolerancas  that  satisfy  GOST  specification  8054-59  (pro¬ 
pellers).  Deviations  in  the  pitch  of  the  propellers  usually  exceed  the 
allowable  and  are  corrected  on  highest  class  propellers  by  machining  off 
considerable  surplus  allowances,  amounting  to  8-12  nm  per  face.  On  normal 
class  propellers,  cast  without  allowance  for  pachme  finish,  correction  of 
pitch  is  made  by  setting  the  propeller,  or  by  manual  cutting  and  building 
up.  Execution  of  such  corrections  leada  to  a  considerable  expenditure  of 
time  and  labor.  For  this  reason,  lately,  sweep  molding  in  casting  stain¬ 
less  steel  propellers  has  been  replaced  more  and  more  by  methods  which  re¬ 
sult  in  a  greater  precision  of  castings:  molding  on  a  complete  pattern, 
core  box  molding,  oar  molding  on  an  adjustable  blade  pattern. 
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Molding  on  a  complete  metallic  patter.,  results  in  the  greatest  pre¬ 
cision  of  casting,  but  the  complexity  and  length  of  time  required  for  the 
fabrication  of  such  forms  limits  their  application  to  mass  production. 
Molding  in  cores  or'  on  adjustable  patterns  is  employed  when  a  single  cast¬ 
ing  is  called  for.  Molding  on  cores  is  satisfactory  in  cases  where  the 
preparation  can  be  accomplished  with  the  aid  of  molding  pachines;  when  the 
preparation  is  to  be  accomplished  manually,  the  wooden  rigging  gets  out  of 
admustment  rapidly,  so  that  if,  for  some  reason,  preparation  of  core  molds 
cannot  be  made  on  machines,  it  is  advisable  to  do  the  molding  on  a  trans- 
posable  blade  pattern.  The  rig  used  to  fabricate  molds  by  this  method  is 
shown  in  fig.  32  and  consists  of  a  metal  spindle  3  installed  in  socket  4 
and  of  a  wooden  or  metallic  blade  pattern,  complete  vlth  a  sector  of  the 
hub,  1.  The  hub  sector  is  provided  with  metal  eyes  which  fit  on  the 
spindle,  permitting  the  assembly  to  rotate  around  it.  The  centerline  of 
the  spindle  colnsides  with  that  of  the  propeller.  The  required  rotational 
angle  of  the  blade  about  the  spindle  is  rigidly  fixed  by  the  locking  de¬ 
vice  2.  The  number  of  fixed  positions  of  the  blade  around  the  perlfery 
of  the  spindle  equals  the  number  of  blades  of  the  propeller. 

A  pressure  layer  is  first  molded  on  the  surface  of  the  blade  pattern, 
secured  in  its  required  position,  this  is  followed  by  pressure  packing  on 
a  removal  section  of  the  absorbing  layer.  Upon  completion  of  its  molding, 
this  piece  is  taken  off  and  the  blade  pattern  rotated  about  the  spindle 
through  the  required  angle.  For  propellers  using  three  blades,  the  angle 
is  120°,  90°  for  four-blade  propellers,  etc.  After  the  blade  pattern  has 
been  secured  in  its  new  position,  a  second  blade  is  pressure  molded,  etc. 

Repetitive  molding  on  the  pattern  results  in  relatively  high  accuracy 
of  reproduction,  due  to  the  sturdy  construction  of  the  angle  of  turn  re¬ 
taining  device  and  the  true  vertical  position  of  the  pivot.  Depending 
upon  the  size  cf  an  order,  the  blade  pattern. may  be  made  of  metal  or  wood. 

Metal  patterns  are  castings  made  of  sweep  molds.  The  pattern,  cast 
vlth  allowances,  is  machined  to  obtain  the  required  geometry  and  surface 
finish.  To  simplify  the  machining,  these  patterns  are  made  of  aluminum 
or  brass  alloys. 

#  * 

The  necessity  of  making  all  equipment  of  metal,  rather  than  of  wood, 
is  sometimes  dictated  by  strength  considerations.  For  instance,  adeuqate 
strength  of  thln-blade  propeller  patterns  (with  outer  edge  thicknesses 
down  to  10-12  am)  may  be  obtained  only  through  the  use  of  metal  patterns. 

Use  of  a  swinging  blade  simplifies  the  molding  of  outline  of  the  pres¬ 
sure  suface  in  the  area  AB  of  the  propeller  edge  (fig.  33).  In  contour 
molding  this  part  of  the  form  can  only  oe  made  with  the  addition  of  metal 
patterns  Cinder cut a",  shewn  by  dotted  lines),  shaped  out  after  rounding 
off  the  pressure  surface.  To  simplify  the  ..  Iding,  these  areas  of  the 
pressure  surface  are  sometimes  straightens  out,  leaning  to  an  excessive 
allowance  which  must  be  subsequently  reaov  '  by  manual  cutting. 


Fig.  32:  Tranaposable 
blade  pattern. 


Fig.  33:  Crosa-aectic® 


of  blade 
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The  labor  of  molding  on  a  duplicate  «ade,  or  on  a  complete  pattern, 
is  considerably  (20-307.)  less'  than  that  connected  with  contour  molding. 

The  necessity  of  making  a  "false"  blade  is  eliminated.  The  complicated 
operation  of  rounding  off  the  bottom  ridges  is  replaced  by  the  less 
laborious  process  of  tamp  packing. 

Use  of  a  pattern  in  lieu  of  a  sweep  mold  has  a  number  of  other  ad¬ 
vantages.  First  it  should  be  noted  that  it  results,  in  higher  quality 
finishes  of  surfaces,  due  to  packing  rather  than  pointing  up  of  the  pres¬ 
sure  surface.  The  surfaces  of  the  mold  are  also  better  on  the  vacuum 
faces.  In  sweep  molding  the  form  is  packed  cu  the  "false"  sand  blade 
which,  because  of  certain  inevitable  uneveness  of  compaction,  commonly 
leads  to  local  roughnesses  in  the  upper  part  of  the  mold.  Tamp  packing 
of  the  suction  surface  on  a  pattern  (especially  a  metal  one)  prevents  the 
occurence  of  such  defects  impossible. 

The  method  under  consideration  should  gain  wide  acceptance  in  the 
production  of  cast-in-block  stainless  steel  propellers,  calling  for  the 
use  of  more  perfect  techniques  resulting  in  precision  castings. 

In  the  development  of  molding  techniques  suitable  for  Stainless  steel 
propellers,  because  of  the  particular  casting  properties  of  these  steels 
and  employment  of  chromomagnesltlc  pastes  with  higher  heat  conductivity, 
the  approach  to  the  selection  of  a  ’pouring  scheme  must  differ  somewhat 
from  that  used  in  casting  a  carbon  steel  propeller.  For  cast- in -block 
propellers  these  pecc.liariti.es  cat  be  sctsttrirec  as  fellows. 

The  rate  of  filling  the  mold  musL,  as  a  rale,  be  more  rapid.  This  is 
especially  important  in  filling  the  outer  sections  of  blades  having  blade 
thicknesses  less  than  10-12  urn.  In  filling  these  areas,  in  addition  to 
the  overall  gravimetric  speed  of  casting,  linear  speed  of  advance  of  the 
metal  through  these  sections  is  extremely  Important.  It  is  desirable  to 
have  the  metal  enter  such  locations  in  its  hottest  state.  Due  to  this, 
the  method  of  siphoning  the  pour  through  the  hub,  used  in  casting  carbon 
ateel  propellers,  is  not  acceptable  for  stainless  steel  ones,  with  dia¬ 
meters  over  3  M  (especially  with  the  use  of  lKhl4ND  steel  which  has  a 
lower  flowability  than  OKhl7N3G4D2T  and  0KM6N4D4T  steels). 

When  the  pour  is  made  through  the  hub,  metal  enters  the  outermost 
sections  of  the  blades  in  its  coldest  state.  To  eliminate  this  fault,  it 
is  beat  to  Introduce  the  metal  directly  into  the  blades.  This  routing  can 
be  accomplished  by  locating  the  feeders  along  the  trailing  edge  in  the 
central  and  outer  portions  (fig.  34),  or  at  the  tips  of  the  bladea  (fig. 

35  and  36).  The  first  scheme  is  recommended  for  wide-bladed  propellers 
with  a  large  pitch,  the  other  ones,  for  narrcw-bladcd  propellers. 

7 ecucrs .  beeuen  art  “-sucarasruueu,  rmiurt  n^irucmnt.  ul— 

livery  of  metal,  thus  reducing  local  overheating.  Cross-sections  of  the 
feeders  at  their  points  of  juncture  with  the  propeller  casting  must  be 
considerably  larger  than  the  normal  cross-section  of  the  flow  gate  system, 
tc  minimize  spouting  of  metal  upon  its  entry  into  the  stole*  cavity.  At  the 


‘©- 


Fig.  34;  Catting 

scheme  for  a  wide*' 
hladed  propeller. 


(' 


Fig.  35:  Casting  scheme  for 
pouring  a  narrow-blade  pro¬ 
peller,  weighing  less  than  4  tm 
tons. 


Fig.  36:  Casting 
scheme  of  a  system 
for  pouring  a  narrow- bladed 
propeller  weighing  over# 

4  tons. 


i 


i 

i 
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same  time,  the  maximum  dimension  of  the  feeder  at  its  point  of  juncture 
with  the  blade  must  not  exceed1  the  thickness  of  the  latter,  measured  at 
a  distance  of  10-20  mm  from  its  extreme  outer  edge.  To  preclude  the 
breaking  off  of  the  feeder  together  with  a  portion  of  the  blade,  it 
should  be  "grooved,"  a-  shown  in  fig.  34. 


In  casting  narrow-bladed  propellers  of  less  than  3  M  diameter  and 
with  a  minimum  blade  thickness  greater  than  10  mm,  delivery  of  metal  by 
siphoning  through  the  hub  usually  results  in  successful  filling  of  the 
mold.  This  method  of  delivery  is  simpler  and  is*  conseqeuntly  widely  used. 
The  risers  and  casting  runs  should,  as  a  rule,  be  made  of  ceramic  material. 

In  determining  the  dimensions  of  casting  systems,  in  addition  to  the 
above  fact  ts,  rapid  filling  of  the  mold  to  preclude  its  scorching  should 
be  considered.  Because  of  this,  the  casting  time  of  even  large  propellers 
with  a  cast  weight  of  8-10  T,  must  not  exceed  100-120  seconds.  The  fol¬ 
lowing  weight  rates  for  pouring  unit-cast  propellers  are  used  in  practice: 
20-23  kg/sec  for  propellers  with  cast  weights  below  1  T  and  40-55  kg/sec 
for  propellers  weighing  2-4  T.  The  above  rates  are  achieved  by  pouring 
through  one  inlet  of  the  stopper  arrangement.  Propellers  with  cast  weight 
of  over  4T  are  normally  cast  through  two  stoppers.  In  that  case  the 
weight  rate  of  pouring  is  60-85  kg/sec.,  depending  upon  the  total  weight 
of  the  propeller. 


The  molding  scheme  and  pouring  system  for  casting  individual  blades 
of  large  assembled  propellers  is  shown  in  fig.  37.  When  the  casting 
weight  is  over  4  T,  the  pour  is  usually  made  through  two  stoppers  from  a 
single  laddie  or  from  two  laddies,  simultaneously.  The  pouring  system 
indicated  ij  dzzzed  lines  intrccucss  tie  metal  rircrz^i  tie  ecg*  anc  is 
ordinarily  used  only  for  casting  propellers  having  blades  of  over  2.5  M 
diameter,  with  blade  edge  thicknesses  of  J.2-14  mm.  . 


Ordinarily,  to  simplify  the  lay-out  of  the  casting  system  when  the 
blades  are  very  thick,  the  metal  is  fed  only  through  the  flanges.  Al¬ 
though  this  insures  complete  filling  o *  the  mold,  it  still  cannot  be  con¬ 
sidered  best  practice,  since  it  heats  up  the  flanges  and  induces  the  for* 
mat ion  of  shrinkage  pores.  Delivery  of  metal  only  to  the  flange  with  an 
insufficient  head  dimension  is  especially  dangerous  (there  are  actual 
known  cases  of  formation  of  hot  cracks  in  the  region  of  the  flange).  In 
this  type  of  scheme  the  metal  is  forced  to  travel  over  the  entire  mold. 

More  logical  is  the  decentralized,  simultaneous  delivery  of  metal, 
both  to  the  edges  and  to  the  flange  of  the  blade,  this  shortens  materially 
the  path  taken  by  the  metal  through  the  form  cavity  and  contributes  to  a 
more  uniform  rate  of  cooling  of  the  casting. 


Blades  of  heavy-duty  propellers,  especially  those  of  icebreakers, 
should  be  cast  in  a  vertical,  rather  than  a  horizontal  position.  Only 
with  vertical  casting,  with  the  flange  up,  can  the  shrinkage  friability 
be  largely  eliminated  by  the  ferroctatic  pressure.  This  type  of  porosity 
can  be  found  in  almost  any  section  of  a  blade  cast  in  a  horizontal  posi¬ 
tion.  Existance  of  shrinkage  friability  in  the  most  highly  stressed  base 


section  of  a  blade  is  especially  dangerous.  Vertical  position  of  the 
blade  during  casting  also  insures  the  occlusion  of  non-metallic  occlusions 
from  the  body  of  the  casting. 

t 

The  dimensions  of  the  heads  for  casting  propellers  and  individual 
stainless  steel  blades  are  ao  far  determined  in  the  same  manner  as  that 
used  in  the  case  of  carbon  steel  castings.  Preheating  of  the  heads  with 
exothermic  mixes  has  recently  gained  wide  acceptance. 

t 

One  of  the  most  vital  and  complicated  problems  of  the  entire  techni¬ 
cal  complex  relating  to  the  production  of  unit-cast  stainless  steel  pro¬ 
pellers  is  the  estimate  of  proper  allowance  for  distortion  of  the  propel¬ 
lers  pitch,  made  in  the  course  of  preparing  the  mold.  Experience  shows 
that,  even  in  casting  from  the  same  pattern,  there  is  insufficient  accuracy 
of  reproduction  of  shape  and  dimensions  of  blades  in  a  propeller  casting. 
Change  in  the  nature  of  distortion  due  to  variations  in  the  disk  ratios 
of  a  propeller  is  so  ftpr  not  adequately  determined.  However,  qg  a  result 
of  processing  a  large  volume  of  statistical  data  covering  the  dimensional 
dispersions  of  propeller  castings,  it  was  possible  to  establish  the 
approximate  magnitude  of  distortion  which  must  be  taken  into  consideration 
in  designing  the  molding  equipment. 

It  is  currently  considered  an  established  fact  that  the  pitch  of 
narrow-bladed,  unit-cast  propellers,  with  a  disk  ratio  approximating  0.6, 
is  reduced  somewhat  in  the  first  and  second  sections  and  increases,  begin¬ 
ning  with  the  third-fourth  one,  as  a  result  of  differential  deformations 
due  to  cooling  in  the  mold,  or  in  the  course  of  heat  treatment.  In  view 
of  this  the  pattern  should  be  made  with  a  distortion  of  pitch. 

For  example,  for  a  propeller  of  a  3.3  M  diameter,  with  a  disk  ratio, 
of  0.45,  in  making  araodel  of  a  blade  duplicate  the  following  coefficients  ' 
of  distortion  of  pitch  were  adopted,  by  sections: 


fir st  End  second  •  «««..«  «•»,,{  —j— 1*0}  ^,r  (’j*  1#^]  ^ 

third  one  .  ^  .  0  % 

fourth . . .  -  1.0  % 

fifth  and  sixth . . .  -  1.5  % 

seventh . .  .  . .  (-1.0)  (-1. 5)  % 


However,  the  nature  of  pitch  distortion  of  different  propellers  is 
not  always  the  same.  There  are  figures  for  individual  narrow-blade  pro¬ 
pellers  with  diameters  of  2  M,  which  show  that  the  increase  in  pitch  in 
the  outer  sections  of  the  blades  reaches  4-5%  as  a  result  of  warp. 
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Fig.  3', :  Mold  and  pouring  arrangement 
for  individual  blades  of  assembled 
propellers: 

1  -  chromomagnesitic  mix;  2  •  rapid¬ 
drying  mix;  3  -  brick  base. 


Fig. .  38: _ Assembly  scheme  of  individual 
blades  in  preparation  for  welding. 


The  nature  of  pitch  distortion  of  wiu..  bladed  propellers,  with  disk  « 
ratios  approaching  unity,  has  not  been  sufficiently  established.  Accord¬ 
ing  to  individual  available  figures,  the  pitch  of  these  propellers  is 
reduced  as  a  result  of  warping.  This  reduction  approximates  1.5-2%  in 
the  outer  section's  of  the  blades  and  becomes  smaller  in  sections  located 
closer  to  the  hub,  becoming  0.25-0.50%  in  the  first  and  second  sections 
of  the  blade. 

The  bbundance  of  factors  influencing  Lhe  magnitude  of  pitch  of  the 
propeller  casting  and  difficulty  to  properly  estimate  the  deviation  ac¬ 
count  for  the  fact  that  a  large  number  of  propellers  of  even  the  normal 
class  (for  which  specifications  permit  deviations  is  pitch’of  up  to  3%) 
require  straightening  due  to  excessive  deviation.  This  corrective  pro¬ 
cess  is  difficult  and  not  always  successful. 

Propellers  of  the  highest  class  (with  allowable  pitch  deviations  not 
over  1.5%)  are  cast  with  substantial  machining  allowances.  The  allowance 
is  normally  set  so  as  to  insure  the  ability  to  eliminate  casting  discrep¬ 
ancies  by  machining.  The  allowance  must  be  made  greater  than  the  minimum 
required  for  cutting  in  producing  the  required  surface  finish. 

All  these  difficulties  related  to  attainment  of  proper  pitch  for  the 
finished  propeller  are  to  a  large  extent  eliminated  in  the  nroduction  of 
ordinary  assembled  propellers  and  adjustable  pitch  ones,  consisting  of 
individually  cast  blades  attached  to  the  hub  by  mechanical  means.  However, 
assembled  propellers,  because  of  the  larger  diameter  of  their  hub,  have 
inferior  hydrodynamic  characteristics  and  a  lower  efficiency,  so  that  their 
field  of  application  is  limited  and  their  cast  tonnage  represents  a  dimi¬ 
nishing  part  of  the  total  for  all  propeller  production.  Adjustable, 
variable  pitch  propellers  have  not  yet  attained  wide  applications. 

Considering  that  production  difficulties  connected  with  monolithic 
propellers  stem  from  large  dimensions  and  complexity  of  shape  of  the  cast¬ 
ings,  there  is  a  strong  probability  of  widened  use  of  welded  propellers 
(cast  in  parts  and  subsequently  assembled  by  electric  arc  welding,  accord¬ 
ing  to  the  scheme  illustrated  by  fig.  38).  This  method  of  fabrication  is’ 
in  the  development  stage.  At  present,  according  to  A.  Y.  Zelichenko  /II /, 
active  production  of  welded  propellers  is  limited  to  small-size  ca  >.on 
steel  ones.  The  technique  of  producing  such  propellers  calls  for  welding 
stamped  blades  to  a  cast  as  a  unit  hub. 

In  examining  the  maze  of  problems  connected  with  the  obtainment  of 
requisite  propeller  quality,  it  is  necessary  to  pause  for  an  examination 
of  specific  casting  surface  defects  peculiar  to  stainless  steel  ones. 

Defects  commonly  occurring  in  blade  surfaces  can  be  divided  into  two 
basic  groups. 

In  the  first  one  are  the  non-fusions  and  waviness  caused  by  pouring 
cold  metal  and  pouring  through  a  casting  system  which  does  not  provide 
linear  velocity  of  metal  propagation  within  the  mold  cavity.  Normally 
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these  defects  are  located  In  the  outer  sec  ions  of  the  blades,  ne^c  their 
edges.  With  the  use  of  casting  systems  insuring  delivery  of  metal  to  the 
blades  and  permitting  filling  at  the  requisite  rate  and  at  the  specified 
temperature,  these  defects  do  not  occur. 

In  the  second  group  of  defects  are  the  gas  pockets  in  the  surfaces. 
The  fundamental  reason  for  their  occurrence  is  inadequate  drying  out  of 
the  mold.  Because  of  the  low  gas  permeability  of  chromomagnesitic  mixes, 
the  danger  of  getting  this  type  of  fiaw  is  great  and  is  especially  inten¬ 
sified  if  casting  is  done  with  cold  metal.  These  defects  are  normally 
located  in  the  lower  (compression)  surface.  The  opinion  that  this  type 
of  flaw  occurs  only  with  the  use  of  cement  is  erroneous,  since  experience 
has  demonstrated  that  similar  defects  occur  also  with  the  use  of  other 
binders,  specifically,  dextrene  and  water  glass. 

Fig.  39  shows  gas  porosity  located  chiefly  in  the  edges  of  blades  of 
a  propeller  made  of  lKhl4ND  steel,  poured  into  a  mold  of  chromomagnesitic 
mix,  with  dextrene  used  as  '•'inder.  The  predominant  distribution  of 
porosity  in  the  edges  of  the  outermost  section  of  the  blade  is  attribu¬ 
table  to  the  fact  that,  in  drying  out  the  mold  with  portable  driers  in¬ 
serted  through  the  hub,  this  portion  of  the  blade  was  not  adequately  de¬ 
hydrated. 

Typical  is  the  over-all  superficial  gas  rash  (fig.  40)  on  the  com¬ 
pressed  surfaces  of  the  propeller  casting  whose  mold  became  damp  during 
the  80-hour  interval  between  the  completion  of  dry-out  and  the  pour.  A 
brief  secondary  drying  with  a  portable  drier  did  not  succeed  in  removing 
the  newly  accumulated  moisture. 

Typical  also  are  the  defects  on  the  surface  of  special  slabs,  cast  6f 
lKhl4ND  steel.  Chromomagnesite  was  used  as .fettling:  in  one  mold  -  on  a 
water  glass  and  in  the  other  one,  on  a  cement  base.  Both  molds  were  sub¬ 
jected  only  to  a  surface  dry-out  penetrating  10-15  ran.  Because  of  such 
inadequate  drying,  both  castings  had  a  wrinkled  surface  typical  of  such 
cases,  shown  in  fig.  41. 

To  eliminate  the  occurrence  of  this  type  of  defect,  it  is  necessary 
to  insure  adequate  drying  of  the  molds.  In  blowing  the  mold  through  with 
carbon  dioxide,  it  is  necessary  to  use  an  additional  drying  in  a  kiln,  or 
with  portable  driers.  Thermal  drying  of  the  molds  after  a  brief  bloving- 
through  with  carbon  dioxide  materially  increases  the  strength  of  the  mold 
by  removing  the  moisture. 

According  to  data  of  A.  G.  Doukor,  E.  V.  Ivanov  and  P.  M.  Sltchev 
/ 9/ ,  sandy  mixes  on  a  water  glass  base,  after  blowing  through  with  gas 
for  45  seconds,  have  a  compressive  strength  of  8.5  kg/cm^.  The  same  mix 
had  a  strength  of  64.0  kg/cm^  oven  air  dry-out  lasting  15  minutes. 
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Fig.  39:  Gas  paras  on 
edge  of  propeller  blade 
case  in  a  mold  with 
chromomagneeitlc  lining 
and  dextrene  baae. 


\ 
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Fig.  40:  Gas  pores  on  the 
pressure  surface  of  a  pro¬ 
peller,  cast  In  a  damp 
mold. 


Fig.  41:  Wrinkled  surface  of  a 
plate  cast  In  an  Insufficiently 
dried  mold. 


* 
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Smelting  Qf  gteel:  heat  treatment  o.:  castings;  cutting  off  surplus  ' 
allowances  and  Welding  of  defects.  Founding  of  stainless  steels  is  done 
in  basic  electric  arc  furnaces  or  in  inductive  furnaces.  Smelting  of 
1KH14ND,  OKhl7N3G4D2T  and  0Khl6N4D4T  steel  designations  is  in  no  way  dif¬ 
ferent  from  that  of  comparable  stainless  steels. 

Temperature  of  liquid  steel  in  the  laddie  must  be  at  least  1540°  by 
thermocouple,  which  insures  the  requisite  flowability  and  creates  favor¬ 
able  conditions  for  the  elimination  of  non-metallic  Inclusions  which 
polute  the  steel  and  render  it  suceptlble  to  local  corrosional  damage.  A 
check  shoved  that  a  casting  temperature  of  1540-1600°  results  in  the  high¬ 
est  level  of  mechanical  properties  of  lKhl4ND,  OKhl7N3G4D2T  and  0Khl6N4D4T 
steels. 

Castings  of  propellers  and  of  individual  blades  are  subjected  to  heat 
treatment  with  schedules  depending  upon  the  steel  designations. 

Heat  treatment  of  lKhl4ND  steel  consists  of  tempering  with  air  cooling 
and  of  one  or  two  drawings.  The  heat-up  for  tempering  is  carried  out  to 
980-1020°.  The  temperature  is  held  at  this  level  for  4-6  hours,  depending 
upon  the  thickness  of  the  casting.  For  propellers  having  especially  thick 
blades  (in  the  order  of  250  mm),  it  is  well  to  use  two  temperings  with  an 
exposure  of  5-6  hours  after  the  temperature  is  stabilized,  in  each  case. 

Due  to  the  nature  of  isothermal  breakdown  of  austenitic  lKhl4ND  steel 
(see  fig.  3),  cooling  of  castings  must  be  carried  out  to  a  temperature  be¬ 
low  100°.  If  the  cooling  is  stopped  above  100°,  there  remains  a  consider¬ 
able  amount  of  undecomposed  austenite;  in  that  case,  the  structure  con¬ 
sists  of  martensite  and  austenite  and  products  of  their  incompleted  trans¬ 
formation.  A  single  drawing  of  steel  having  such  a  structure  leads  to  a  * 
transformation  of  martensite,  formed  in  the' process  of  tempering,  into 
sorbite.  The  residual  austenite  is  transformed  probably  into  secondary 
martensite  or  trostomartenslte.  Presence  of  martensite  or  trostomarten- 
site  after  one  drawing  is  evidently  the  cause  of  lowered  plasticity  and 
impact  strength  of  the  metal  of  many  beats.  Concurrently,  there  is  an 
Increase  in  ultimate  tensile  strength  and  yield  points.  The  following 
data  ir.  typical. 

Two  Ingots  of  lKhl4ND  steel  were  heated  to  1000°  and  held  at  that  tem¬ 
perature  for  2  hours.  Both  were  then  cooled  in  air,  one  to  15-20°  and  the 
other  one  to  300°,  after  which  both  were  drawn  at  690°,  the  normal  tempera¬ 
ture  for  this  steel,  for  a  period  of  6  hours.  Mechanical  properties  tests 
Indicated  that  specimens  taken  from  the  ingot  cooled  down  to  300°  has  an 
ultimate  tensile  strength  of  92.0  kg/naa^  and  a  hardness  of  269-277  Hg ; 
while  their  impact  strength  did  not  exceed  1.5  kgm/cm^.  At  the  same  time, 
specimens  taken  from  the  ingot  cooled  to  15-20°  after  annealing  had  an 
ultimate  tensile  strength  under  74  kg/mm^,  hardness  of  215  Hg  and  an  im¬ 
pact  strength  of  over  9  kgm/cm^.  Requisite  properties  could  not  be  ob¬ 
tained  from  the  metal  of  the  castings  which  had  not  undergone  complete 
cooling  in  heat  treatment,  even  in  an  extended  exposure  in  the  drawing  -(Up  ' 
to  30  hours). 
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Gr eater  hardnesa  and  lower  "duct 11 icy  o  ten  occur  in  chick  sections 
cf  a  casting,  where  incomplete  curing  in  Lne  tempering  may  take  place, 
even  in  cases  whan  the  thinner  sections  of  the  casting  had  ample  time  to 
cool. 


Measurements  of  hardness  made  on  massive  blades,  from  15  to  200  mm 
thick,  have  shown  that,  as  a  result  of  incomplete  cooling  in  the  process 
of  heat  treatment  of  massive  sections,  their  hardness  after  one  drawing 
at  670-700°,  held  for  30  hours,  was  as  high  as  300  Hg,  while  the  uardness 
in  the  thin  sections,  completely  cooled  in  tempering,  was  no  higher  than 
230  Hg.  This  leads  to  the  conclusion  that  one  drawing  is  not  sufficient 
with  existence  of  residual  austenite  at  the  end  of  heat  treatment. 

A  second  drawing  substantially  changes  the  level  of  mechanical  prop¬ 
erties.  Hardness  and  strength  Indicators  are  considerably  lowered.  This 
is  explained  by  the  fact  that  after  a  second  drawing,  the  secondary  mar¬ 
tensite  is  transformed  into  sorbite  and  the  sorbite  formed  in  the  process 
of  the  first  drawing  is  subjected  to  further  coagulation. 

In  order  to  Increase  stability  of  mechanical  properties  in  the  heat 
treatment  of  massive  propellers,  and  especially  of  propeller  blades  for 
icebreakers,  the  use  of  two  drawings  with  simultaneous  adherence  to  cool¬ 
ing  of  massive  portions  of  the  casting  to  a  temperature  below  100°  is 
recommended. 

Hardness  of  castings  should  be  checked  along  with  testing  of  specimen 
plates,  to  maintain  quality  control  through  the  heat  treatment  of  the 
product . 

Eilstance  of  255  Kg,  or  higher,  hardness  in  lKhl4ND  steel  is  a  sure 
Indication  of  the  fact  that  elongation,  reduction  of  section  and  Impact 
strength  figures  will  be  unsatisfactory;  the  required  properties  are  firm¬ 
ly  assured  at  a  hardness  of  240  H_  and  lower  (the  best  hardness  range  is 
202-236  %). 

Castings  made  of  OKhl7N3G4D2T  steel  are  subject  to  austenization  only 
upon  being  cooled  in  air 'from  1020-1060°  temperature  level.  Massive  cast¬ 
ings  should  also  undergo  double  austenization.  Exposure  at  a  temperature 
1020-1060°  should  be  4-6  hours. 

0Khl6N4D4T  steel  castings  up  to  200  am  thick  should  undergo  one  tem¬ 
pering  from  1040-1070°,  followed  by  atmospheric  cooling,  and  two  drawing 
cycles  at  a  temperature  600-620°.  Two  temperings  and  two  drawings  are 
recommended  for  castings  over  200  am  thick. 

Cooling  cf  castings  after  drawing  should  be  dcce  in  air  for  all  three 
cf  the  above  steel  deaignaticns. 

Removal  of  allowancea  and  spruea  is  made  with  an  oxyaeetylene  torch. 
Before  removal  of  the  exceaa  material,  massive  castings  of  1KM4ND  and 
0RU6N4D4T  steela  should  ba  drawn  at  700-730°,  followed  by  coding  in  a 
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furnace  for  removal  of  casting  'Stresses  ar.u  drawing  of  martensite,  thus 
reducing- the  danger  of  cracking  in  the  pro:  ss  of  cutting  off  excess 
metal. 

The  preliminary  drawing  is  often  omitted  in  the  case  of  smaller  cast¬ 
ings  and  preparations  limited  to  taking  precautions  normally  reducing  the 
danger  of  cracking.  To  this  end,  the  cutting  is  done  indoors  to  protect 
the  casting  from  drafts.  The  cutting  itself  is  performed  rapidly,  without 
interruptions,  so  as  to  avoid  repetitive  heating  and  cooling  of  the  work. 

Welding  of  defects  must  as  a  rule  be  made  prior  to  heat  treating  the 
casting.  Only  correction  of*  minor  defects  is  permitted  after  completion 
of  heat  treatment.  Should  major  defects  appear  and  have  to  be  repaired  by 
welding  after  the  completion  of  a  full  cycle  of  heat  treatment,  the  cast¬ 
ing  must  undergo  a  repeat  treatment  consisting  of  tempering  and  annealing, 
or  only  of  annealing. 

Welding  of  defects  in  1KK14ND  steel  castings  is  made  with  SyOKhl4 
electrodes  complying  with  GOST  2246-54,  their  coating  consisting  of  (parts 


by  weight): 

Jfcrile  (GCST  441 6-48) . 57-5 

Ferromanganese  Kr.Q  anc  tol  (GCST  4755~^9) . 2.5 

Fluorspar  (GOST  4421-48) .  55*5 

Ferrosilicon  Si  75  (GOST  1415-49) .  5.0 

Ferret itanit  TiO  and  Ti  1  (GOST  476I-57) . -  .  .  2. 5 

Ber.tonito  (GCST  5^26-49) . 1.0 


Class  A  water  glass;  spe.  grav.  1*54-1. 56  (GCST  1419-48;  .  .  4;-52 

Lacking  SyOKhl4  rod,  SylKhl3  GOST  2246-54  rod  may  be  used.  This  type 
of  rod  containing  more  carbon  (up  to  0.15Z)  than  the  1KM4ND  steel,  and 
less  chrome  (12. 0-14. 01),  which  may  lower  the  corrosional  resistance  of 
the  welds.  To  improve  the  corrosional  resistance  of  the  weld  metal,  addi¬ 
tional  chrome,  copper  and  nickel  are  edded  to  the  coating  of  the  SylKhl3 
wire  electrodes.  Chrome  is  introduced  in  an  amount  which  will  produce  a 
content  of  at  least  12Z  in  the  solid  solution  of  the  weld  and  copper  and 
nickel  in  amounts  of  not  less  than  1.0Z  of  each. 

Defects  in  castings  of  0Khl7N3G4D2T  and  OKhl6N4D4T  steels,  found  be¬ 
fore  heat  treatment  and  afterwards,  as  well  as  minor  defects  in  castings 
of  lXhl4ND  steel  discovered  after  heat  treatment,  are  welded  with  SyOKhl8N9 
-  GOST  2246-54  wire  electrodes.  The  consistency  of  their  coating  is  the 
same  as  that  of  SyOXhl4  electrodes. 
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SPECIAL  FEATURES  OF  MECHANICAL  FINISHING  OF 
STAINLESS  STEEL  PROPELLERS. 

Mechanical  finishing  of  stainless  steel  propellers  (one-piece  and 
assembled),  does  not  differ  iraterially  similar  operations  on  struc¬ 

tural  steel  propellers,  or  on  copper-b^se  non-ferrous  alloy  ones,  neither 
in  the  character  or  the  sequence  of  operations,  nor  in  the  type  of  machine 
tools  required. 

H'mever,  machinability  of  st  inless  sfeels  is  inferior  to  that  of 
other  mentioned  materials.  This  requires  modifications  In  cutting 
schedules,  design  of  cutting  tools,  choice  of  tool  steels  and  hard  alloys 
for  tools  and  a  general  ’tiffening  ox  th^  ~ystem:  lathe  -  fitting  -  pro¬ 
peller  atock  -  cutting  tool. 

Inferior  machinability  of  stainless  steels  (compared  to  structural, 
low-alloy  steels,  carbon  ate  3  and,  especially,  copper-based  non-ferrous 
alloys)  is  a  conjequence  of . „  e  following  basic  peculiarities  of  their 
physical-mechanical  properties; 

1)  low  thermal  conducti  ity  of  austenitic  steel,  lowering  heat  disi- 

P*  tior  and  thus  causing  overheating  of  both  the  part  being  cut  axxd 

the  tool; 

2)  greater  tendency  of  austenitic  steel  toward  impact  hardening, 
leading  to  substantial  toughening  of  the  layer  being  cut  and  the  formation 
of  a  stepped  cutting.  Proneneaa  to  vibration  during  the  cutting  process; 

3)  greater  friction  at  the  point  of .contact  of  the  tool  with  the  work, 
due  to  the  presence  of  hard  carbides  in  the  structure  of  some  stainless 
steels  and  greater  adhesion  to  the  metal  of  the  cutting  tool; 

4)  Increase  In  toughnesa  and  hardness  at  raised  temperatures; 

5)  higher  resistance  to  formation  (at  cutting  temperatures)  of  oxide 
films,  which  prevent  binding  between  the  work  and  the  cutting  tool  at  their 
point  cc  contact. 

Because  01  the  above  characteristics  of  the  material,  machining  of 
stainless  steel  propellers  calls  for: 

1)  use  of  s  tool  with  s  cutting  edge  made  of  fast-cutting  steel,  or 
or  higher-strength  hard  alloys; 

2)  stiffening  of  the  system,  1  the-f itting-propeller  cssting-tool 
(reinforcing  of  clamps  for  holding  the  work  and  the  tool,  increased 
rigidity  of  the  chucks  and  cutting  tool  holder,  reduction  in  cutter  sweep, 
etc.) ; 

3)  greater  cooling  capacity  for  cooling  the  tool; 
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4)  better  dressing  of  the  tool’s  cut  ng  edge  with  total  abs  -ncr 
of  flaws  (dentd,  clogging,  etc.),  cutting  ages  for  tools  and  Killing 
cutters  for  finishing  stainless  steel  must  be  ground  to  a  sharp  edge; 

5)  avoidance  of  impact  on  the  tool  in  machining;  very  accurate 
centering  of  multi-blade  tools  in  the  lathe. 

There  is  a  need  for  additional  automation  in  a  number  of  finishing 
steps  which  are  often  accomplished  manually  in  fini6hirg  non-ferrous 
alloy  propellers. 

The  technique  of  finishing  propellers  ub  de  of  non-ferrous  alloys  and 
of  structural  steel,  and  the  equipment  and  devices  employed,  is  described 
in  sufficient  detail  in  certain  papers  (for  instance  / 10/ ) ,  therefore 
this  chapter  discusses  only  the  results  of  research  relating  to  the  mach- 
inability  of  stainless  steels  recommended  for  use  in  propellers  and 
clarifies  certain  features  of  finishing  techniques.  Considering  the 
limited  amount  of  available  data  relating  to  production  of  stainless  steel 
propellers,  the  authors  naturally  do  not  lay  claim  to  complete  clarifica¬ 
tion  of  all  the  problems  involved. 

Machinability  of  stainless  steels  used  in  propellers.  As  mentioned 
previously,  th.ee  stainless  steels  f re  recommended  for  the  easting  of  pro¬ 
pellers  -  lKh!4ND,  OKhl7N3G4D2T  and  0Khl6N4D4T.  Relative  machinabil .ty  of 
these  steels  has  been  established  (and,  as  a  basic  of  comparison,  that  of 
mark  30  carbon  steel  and  of  austenitic  stainless  steel  designation  lKhi8N9T), 
These  tests  were  made  in  the  laboratory  of  the  machine  building  technologi¬ 
cal  department  of  the  M.  I.  Kalinin  Leningrad  Polytechnicai  Institute  (by 
A.  V.  Schegolev,  P.  P.  Zagretsky  and  V.  A.  Skragan).  Cutting  speed,  per¬ 
mitted  by  a  tool  of  a  given  durability,  and  the  effort  exerted  in  the 
process  of  cutting  were  determined  in  the  course  of  this  stu«4y. 

1.  Establishment  of  comparative  machinability  of  stainless  steels 
through  determination  of  allowable  cutting  speed  V^q.  AMovable  cutting 
speed  for  *  given  tool  life  ot  60  minutes  (V^q)  was  determined  by  facing 
a  number  of  disks  *  290-300;  thickness  H  *  100-150  r*m)  on  a  lathe. 

The  facing  cut  was  made  with  through  cutters  made  of  mark  P-1S  rapid¬ 
cutting  steel,  20  x  30  ssa  in  cross-section.  Gejoecry  of  the  cutters 
controlled  by  table-mounted  angle  gages.  Variations  in  the  angle  of  cut 
was  within  allowable  limits  of  (+  1°).  before  proceeding  with  the  t«  ,, 
the  cutters  were  calibrated  by  the  method  of  a  longitudinal  cut  run  on  a 
lathe.  Carbon  steel  stock  mark  40  was  used  for  this  test  and  was  machined 
at  a  cutting  spe^d  of  42  M/ain,  a  feed  of  0.3  ss/rev, ,  depth  of  cut  2  mm 
and  a  total  run  of  400  M.  Wear  on  the  leading  edge  of  the  cutter  was  de¬ 
termined  upon  the  completion  of  machining  with  the  aid  of  a  microscope. 

This  calibration  shoved  that  all  the  cutters  selected  had  virtually  the 
same  amount  of  wear,  substantiating  their  identical  cutting  capacity. 

Hardness  of  tne  heat  treated  cutters  was  within  the  limits  Rc  -  62-64. 
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Machinlng  of  the  test  disks  was  done  on  a  surfacing 
stepless  rotary  speed  control  ranging  from  23  to  400  rpm. 
speed  was  selected  so  that  in  all  experiments  blunting  of 
taka  place  during  the  first  pass  under  the  condition 

2 

/ 

Where  R^  -  radius  of  blunting,  jm. ;  RQ  -  radius  of  cut  hole,  mm. 

The  diameter  of  blunting  was  measured  with  a  sliding  caliper  with  an 
accuracy  of  0.05  mm.  \ 

In  carrying  out  the  first  tests  it  was  determined  that  the  commonly 
accepted  indication  of  the  cutter's  blunting  -  appearance  of  a  bright 
streak  on  the  machined  surface  -  was  useless  in  the  case  of  stainless 
steels  due  to  difficulty  of  determining  the  moment  when  such  a  streak  first 
appears.  Therefore,  the  external  appearance  of  the  cuttings  was  chosen  as 
an  indicator  of  cutter  blunting. 

In  observing  the  machining  of  stainless  steel  disks,  it  was  determined 
from  the  wear  on  the  cutter  and  appearance  of  the  chip  that  the  instance  of 
destruction  of  the  cutting  edge  of  the  tool  was  marked  by  formation  of  a 
divided  (bifurcated)  chip  with  a  typical  black  streak  on  the  undercut  side. 
Transition  from  a  coiling  to  a  bifurcated  cutting  occurs  during  a  fraction 
of  a  second,  followed  by  a  catastrophic  wearing  out  of  the  tool.  During 
the  machining  of  the  carbon  steel  disks,  the  most  visible  indication  of 
blunting  was  the  color  of  the  cutting.  At  the  moment  of  destruction  of  the 
cutting  edge  of  the  tool,  the  cutting  turned  blue  (iridescent)  in  addition 
to  the  appearance  of  the  bright  streak. 

From  test  data  for  each  type  of  steel,  graphs  were  drawn  on  logarithmic 
scale,  with  the  number  of  revolutions  of  the  disks  per  minute  (m)  plotted 
on  the  ordinate  and  the  radius  of  blunting  in  mm  for  a  given  pass  along 
the  abscissal  axis. 

Angles  cX  (inclinations  of  the  functional  lines  with  respect  to  the 
abscissal  axis)  were  determined  from  the  graphs  and  then  from  the  exptes- 
sion  mn  »  tgc<  +  1  was  determined  the  quantity  mQ,  inverse  of  the 
tgc<  -  1 


The  rotary 
the  gutter  would 


relative  durability  index,  m  in  the  formula 

V6C  —  —  i  J***’ 


n  •  ri* 


w  t  '  *  i* 


whoro 


V  -  cutting  speed; 

C;  -  constant  coefficient ; 

T  -  time  for  complete  blunting  cf  the  cutter,  min.; 
m  -  relative  durability  index. 
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The  constant  coefficient  C  is  co-or_.ir.ed  from  the  formula 


whera 

**  citing  speed  corresponding  tc  the  instant  of  blunting 
of  the  cutter,  K  /  air..; 

Rn  -  blunting  racius,  ra; 

S  -  food ,  cn/rev . ; 
n  -  r.p.ffl. 


After  determining  the  above  values  for  each  steel,  permissible  cuf ting 
speed  for  a  given  tool  life  of  60  min  (V^q)  .  Then  by  dividing  the  perro-S" 
sible  speed  V^q  of  each  one  of  the  stainless  steels  investigated  by  the 
permissible  speed  V^q  of  mark  30  carbon  steel,  the  coefficient  of  nachina- 
bility  Ky,  of  stainless  steels  was  determined. 

Table  48  lists  the  results  of  determination  of  permissible  cutting 
speeds  for  a  given  60  min.  tool  life,  and  also  the  coefficient .of  compara¬ 
tive  machinability  of  stainless  steels. 
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Of  all  stainless  steels  investigated,  stainless  steel  mark  !Khl4ND 
has  the  best  machinability  (for  turning  on  a  lathe) . 

2.*  Investigation  of  comparative  machinability  of  stainless,  steels 
through  determination  of  cutting  force.  The  vertical  component  of  the 
cutting  force  is  a  criterion  of  machinability  characterizing  the  energy 
output  and  tha  forces  acting  on  the  work,  tool  apd  lathe.  For  steels  of 
the  same  type,  the  cutting  force  depends  principally  on  the  ultimate  ten¬ 
sile  strength  and  the  hardness.  Increase  in  the  values  of  the  above 
properties  causes  an  increase  in  the  cutting  force.  In  machining  stain- 
less  steels,  an  Important  effect  of  the  cutting  force  may  also  be  produced 
by  secondary  hardness  resulting  from  the  cold  hardening  of  the  surface 
layer  of  the  metal  being  machined. 

Cutters  used  in  facing  tests  were  also  used  in  measuring  cutting 
forces.  Rings  made  of  steels  being  tested  were  secured  to  the  chuck  and 
machined. 
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Comparative  machinability  of  stainless 

required  cutting 
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The  proportional  force  was  computed  from  formula 


O  ■■ 1  11  , 

P*  c/?  ,*?  ’ 


in  which  yp*>  0.7p  and  x?-  1  (for  oXhlc X4D4?  steel,  yp  <*  C.Sp). 

The  coefficient  of  machinability  X  was  computed  from  formula 


K 


C  p„  (of  invest,  steel) 


C  (of  mark  pO  steel) 


Data  presented  in  table  49  shows  a  relatively  small  variation  in 
cutting' force  between  carbon  ar.d  stainless  steels. 
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The  vertical  cutting  force  was  measured  with  a  three- component,  auto¬ 
matically  recording  lathe  dynamometer.  Measurement  of  cutting  force  Pz 
was  in  accordance  with  the  following  regimes:  cutting  speed  V  *  20  M/min; 
depth  of  cut  t  «*  3  mm;  feeds  S:0.15;  0.3;  0.58  mm/rev. 

Table  49  lists  the  determined  cutting  forces  P2,  proportional  cutting 
forces  Cpz  and  the  coefficients  of  machinability  Kp  for  the  investigating 
steels  (at  a  feed  of  0.3  mm/rev). 

3.  Determination  of  comparative  machinability  of  stainless  steels  in 
milling.  This  investigation  was  made  with  lKhl8N9T  and  OKhl7N3G4D2T  steels 
Ingots  measuring  100  x  100  x  300  mm  were  subjected  to  this  type  of  machin¬ 
ing.  The  work  was  done  on  a  vertical  milling  machine  with  a  facing  miller 
of  250  mm  diameter,  with  one  or  two  cutters.  The  milling  cutters  were  made 
of  high-seed  steel.  Special  precautions  were  taken  to  insure  precision  of 
installation  when  two  cutters  were  used;  the  allowable  play  could  not  ex¬ 
ceed  0.05  mm. 

These  tests  showed  that  in  milling,  OKhl7N3G4D2T  steel  is  easier  to 
machine  than  lKhl8N9T  steel;  this  is  expressed  in  terms  of  an  approximately 
36%  higher  durability  of  the  cutting  tool. 

Features  of  the  technical  process  of  machining  propellers  made  of 
stainless  steel.  Table  50  enumerates  the  basic  operations  of  machining  a 
one-piece  stainless  steel  propeller  (based  on  experience  of  a  plant  special 
izing  in  the  manufacture  of  propellers  made  of  various  materials);  and 
lists  the  basic  instructions  covering  the  machines  and  tools  involved. 


Tibia  5 


_ The  Basic  operations  ir.  me.chir.in?  stainless  steel  props  1L 

Name  of  combined  I  I  > 


cacnming 

No.  operations* 


1  Remove  excess 


Machine  Type  •  Cutting  Tool  ; 


Remarks 


Vertical  - 
boring  and 


Passing  and  -To  eliminate  vibratic 
cutoff  cutters  land  excessive  wear  on 
with  VliS  hard  Sautters,  rigidity  of 
alloy  blades,  icutter  proper'  and  of 
holder  ir.  carriadgc 


turning. 


.1  .'must  be  increased.** 

2  Drill  and  bore  cut'  Turning  and  Spiral  drills  j 

cone-shaped  hole  j  vertical  boring  •  'and  jTo  eliminate  displace 
in  hub.  Face  hub.  j  lathes.  cutters  with  [cent  of  cutter  in  bor 

}  .  VK8  hard  alloy;  cone-shaped  ooer.in 


blades.  'boring  chuck.*'* 


I 


* 


f. 

V 


> 


res' 


'*  v'i  t'O 

'Mvutinuatior. 


pp  Name  of  combined 

No.  machining  Machine  Type  Cutting  'M.ol 

operations.* 


Rcr-'i  i'/.r 


I 


5  !  Milling  contours  '  Specialised 
>s)  of  t 
blades* 


t  v  .  *  *  «k 


.  .  -.in?  cutters  xust  oe  cent  only  cy 

(edges)  of  the  Duplicate-  ;v?ith  VX3  hard  i  mechanical  means. (even 

in  case  of  cne-of-a 
kind  product  ion). 3ha- 
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For  mechanical  finishing  of  stainless  steel  propellers,  use  of 
belt-type  buffing  machines  is  highly  recommended.  This  equipment  can 
be  used  for  finishing  blade  surfaces  after  milling  (for  removal  of 
ridges)  as  well‘;  as  on  the  rough  surfaces  of  blades  for  removal  of  cast¬ 
ing  scale  and  other  roughness  present  on  cast  surfaces.  Their  cost  and 
operating  expense  are  low;  the  machines  operate  without  the  use  of 
master  forms  (belt  position  is  governed  by  the  shape  of  the  castings). 
Belt-type  buffing  machines  are  widely  used  in  finishing  the  blades  of 
gas  and  steam  turbines  made  of  stainless  and  heat-resistant  steels. 

Tables  51  and  52  present  data  pertaining  to  machining  schedules 
used  in  finishing  an  experimental  propeller  of  the  highest  class,  cast 
of  austeno-ferritlc  steel. 
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From  data  supplied  by  A.  Sh.  Shifrine  /20/,  tables  53  and  54  present 
a  list  of  tool  material  designations  for  blades  of  cutters  and  milling 
cutters,  and  cutting  schedules  for  chromous  stainless  steels  of  martensitic 
type  and  chrome-nickel  austenitic  stainless  steels.  In  using  this  data  for 
finishing  propellers  of  lKhl4ND,  0Khl7N3G4D2T  and- 0Khl6N4D4T  stainless 
steels,  consideration  should  be  given  to  the  relative  machinability  of 
these  steels  compared  with  that  of  lKhlSN9T-type  steel  (see  table  48). 

Table  55  presents  data  relating  to  cutting  schedules  and  material  for 
the  cutting  t;ools  based  on  expedience  with  machining  of  OKhl7N3G4D2T 
austeno-ferritic  steel  parts. 
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Cutting  Schedules  and  Tools  for  Ma< 
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CHAPTER  VII 


QUALITATIVE  REQUIREMENTS  APPLICABLE  TO  THE  PRODUCTION  OF 
STAINLESS  STEEL  PROPELLERS. 

Table  47  furnished  the  chemical  composition  and  mechanical  property 
standards  of  stalnles..  steels  used  in  casting  propellers.  The  following 
data  relates  to  fundamental  qualitative  requirements  for  finished  stain¬ 
less  steel  propellers  according  to  GOST  8054-59,  covering  standards  for 
.  surface  finishes  and  dimension  and  shape  tolerances. 

Required  surface  finishes  of  blades  and  hubs.  Table  56  presents  the 
standards  relating  to  surface  finish  of  blades  and  hubs  of  machined  pro¬ 
pellers,  according  to  GOST  8054-59. 

These  requirements  do  not  apply  to  casting  defects  remaining  after 
machining,  accepted  under  the  terms  of  contract  specifications. 

Table  57  lists  criteria  of  acceptance  of  casting  defects  on  finished 
propeller  surfaces. 

Tolerances  in  dimensions  and  parameters.  These  tolerances  for  pro¬ 
pellers,  according  to  GOST  8054-59,  are  given  in  table  58. 

According  to  the  above  specification,  measurements  of  propeller  pitch 
and  of  blade  thickness  must  be  checked  at  not  less  than  5  radiuses  (0.3R; 
0.5R;  0.7R;  0.8R;  and  0.95R),  indicated  on  the  drawings  and  at  not  less 
than  3  points  at  each  section  outside  the  area  of  the  edges.  According  to 
specifications,  the  pitch  of  stainless  steel  propellers  of  the  highest 
class  must  be  checked  at  each  section  shown  on  the  drawings  (outside  the 
area  of  the  edges). 

Checks  of  blade  thicknesses  must  be  made  at  the  same  locations  as 
the  checks  for  pitch  accuracy. 

Length  of  sections  must  be  measured  on  the  same  radii  that  are  used 
in  checking  pitch  and  thickness.  By  agreement  with  customer,  an  increased 
deviation  in  pitch  is  permitted  if  it  is  caused  by  a  corresponding  change 
in  propeller  diameter. 

Tolerance  in  pitch,  thickness  and  length  of  blade  sections  on  inner 
radii  up  to  0.4R  inclusive  may  be  50%  greater  than  those  given  in  table  58. 

Requirements  related  to  local  pitch  do  not  cover  propellers  with  a 
pitch  of  1  M  and  less,  nor  do  they  apply  to  sections  of  propellers  with  a 
pitch,  in  excess  of  1  M,  limited  by  a  central  angle  of  25°  and  less. 
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Casting  Defects  on  Finished  Propellers,  Met  hoquirir.;*  Corrections. 
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with  the  customer,  it  is  permissible  zo  machine  the  cone-shaped  opening 
in  the  hub  to  fit  the  cone  on  the  shaft.  By  similar  agreement,  it  is 
also  permissible  to  machine  the  conical  opening  and  recessed  keyways 
With  allowances  for  the  final  fit-up. 

Static  and  dynamic  balancing;  marking,  packing  and  shipment  of  pro¬ 
pellers.  Static  balancing  of  propellers  must  be  carried  out  in  accord¬ 
ance  with  a  prescribed  sequence.  Dynamic  balancing  is  done  in  accord¬ 
ance  with  the  special  instructions  set  forth  in  uhe  technical  contract 
specifications.  In  the  matter  of  regulations  for  static  and  dynamic 
balancing,  marking,  packing  and  shipping,  stainless  steel  propellers  arc; 
treated  in  the  same  manner  as  those  made  of  ether  materials. 

The  abo»e  operations  are  regulated  by  the  general  rules  of  GOST 
8054-59,  or  by  individual  contract  specifications. 


